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(54) Exhaust gas heating system for in-cy Under injection internal combustion engine 



(57) An exhaust gas heating system for an in-cylin- 
der injection internal combustion engine is disclosed. 
The system includes a fuel injection device (8 and 8a) 
for injecting fuel directly into a combustion chamber (1) 
of the engine, a spark plug (108) for subjecting fuel, 
which has been injected as primary fuel from the injec- 
tion device, to spark ignition so that the primary fuel 
undergoes primary combustion, an exhaust gas purifi- 
cation device (9) arranged in an exhaust passage (3) of 
the engine, a purification device temperature computing 
unit (26 and 23) for determining a temperature of the 
purification device by detecting or estimating the tem- 
perature of the purification device, and an additional fuel 
injection control unit (102) for controlling the injection 
device when the purification device is found to require 
activation from the temperature determined by the com- 
puting unit (26 and 23), so that an injection of fuel as 
additional fuel is performed during a flame lasting dura- 
tion that a flame of the primary combustion remains. 
The control unit (102) includes an injection timing set- 
ting unit (1 10) for setting an injection start time (Tj NJ ) of 
the additional fuel on a basis of a parameter which 
affects the flame lasting duration. 




LLI 



Primed by Xerox (UK) Business Services 
2.15.11/3.4 



DMerw»ir\. -CD 



EP0 826 869 A2 

Description 

BACKGROUND OF THE INVENTION 
s a) Field of the Invention 

This invention relates to an exhaust gas heating system for an in-cylinder injection internal combustion engine, in 
which fuel is injected directly into a combustion chamber, so that heating of exhaust gas from the engine is effected by 
controlling the injection of fuel. In particular, this invention is concerned with an exhaust gas heating system for an in- 
to cylinder injection internal combustion engine, which is suited for use in heating an exhaust gas purification device 
(especially, a lean NOx catalyst). 

b) Description of the Related Art 

15 As a method for heating exhaust gas in an in-cylinder injection internal combustion engine of the type that fuel is 
injected directly into a combustion chamber, a technique is proposed, for example, in Japanese Patent Application Laid- 
Open (Kokai) No. HEI 4-1 83922 that with a view to promptly activating a catalyst, the catalyst is promptly heated to an 
activation temperature by re-actuating a fuel injection valve to perform injection of additional fuel while an intake valve 
is still closed, namely, in an expansion stroke or exhaust stroke of the engine and then re-energizing a spark plug in the 

20 combustion chamber for the additional fuel to achieve ignition of the additional fuel or by mixing additional fuel into 
exhaust gas and igniting the additional fuel by a spark plug arranged in an exhaust passage. 

Further, a technique is also proposed in Japanese Patent Application Laid-Open (Kokai) No. HEI 8-100638 that the 
temperature of exhaust gas is raised to activate a catalyst by performing an additional fuel injection (second fuel injec- 
tion) in an initial to intermediate stage of an expansion stroke of primary combustion after an injection of primary fuel 

25 (first fuel injection) and its ignition, igniting the fuel, which has been injected by the second fuel injection, by a flame 
propagated from the primary combustion and further by performing a further additional fuel injection (third fuel injection) 
at a timing that the fuel, which has been injected by the further additional fuel, can be ignited by a flame propagated 
from the combustion by the second fuel injection. 

According to the second-mentioned technique, the injection start time of the second fuel injection (additional fuel 

30 injection) is set at an optimal time immediately before the primary combustion by the first combustion injection (primary 
fuel injection) ends, that is, within a range from 10° to 80° after top dead center (an optimal range of the injection timing 
for the second injection is from 30° to 60° after top dead center), so that the additional fuel by the second fuel injection 
is ignited by a flame propagated from the primary combustion to raise the temperature of exhaust gas for the activation 
of the catalyst. 

35 In addition, the second-mentioned technique is also designed keep the specific fuel consumption low by choosing 
the heating of exhaust gas based on the second fuel injection or the heating of exhaust gas based on retardation of the 
ignition timing of the primary combustion as needed depending on the value of a target temperature of exhaust gas set 
by an exhaust-gas-heating-method-selecting unit Specifically, it is controlled to perform the second, i.e., additional fuel 
injection when the setting of the target temperature of exhaust gas is 300° or higher and to perform the retardation of 

40 the ignition timing for the primary combustion when the setting of the target temperature of exhaust gas is lower than 
300°. 

According to the technique of Japanese Patent Application Laid-open (Kokai) HEI 4-183922, however, the spark 
plug in the combustion chamber is re-energized or the additional spark plug is arranged in the exhaust passage, so that 
the additional fuel is caused to burn to heat the exhaust gas. Re-energization of the spark plug in the combustion cham- 

45 ber is however accompanied by drawbacks that an ignition control logic becomes complex and no sufficient energy can 
be assured for the second ignition. Any attempt to assure sufficient ignition energy involves a problem that use of a 
larger igniter becomes indispensable, leading to higher manufacturing cost. On the other hand, the use of the spark 
plug arranged in the exhaust passage for the ignition of the additional fuel is also accompanied by a problem that it 
leads to an increase in the number of parts and also to an increase in manufacturing cost 

so The technique of Japanese Patent Application Laid-Open (Kokai) No. HEI 4-183922 is designed to ignite the addi- 
tional fuel by using the spark plug arranged in the exhaust passage. In an in-cylinder injection internal combustion 
engine, however, the fuel injected by a primary fuel injection usually undergoes substantially complete combustion dur- 
ing an expansion stroke and an exhaust stroke so that CO and HC. which may become combustible sources, remain 
only at low concentrations within the cylinder. Moreover, in the case of a fuel which is low in self-ignition property (for 

55 example, gasoline), substantial energy (for example, heat pressure, temperature and/or the like) is needed to achieve 
combustion. Even when the fuel injection valve is simply re-activated in an expansion stroke or exhaust stroke to per- 
form an injection of additional fuel and the additional fuel is then ignited by the spark plug as in the conventional tech- 
nique, there is a potential problem that sufficient energy may not be produced and combustion of the additional fuel may 
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not take place accordingly. The heating of exhaust gas therefore may not be assured, resulting in a potential problem 
that the catalyst may not be promptly activated. 

According to the technique of Japanese Patent Application Laid-Open (Kokai) No. HEI 8-100638. the injection 
quantity and timing of the second fuel injection are determined from a basic fuel injection quantity of the first fuel injec- 
s tion and an engine speed. In other words, the injection quantity of the second fuel injection is determined based on the 
basic fuel injection quantity of the first fuel injection, and in regard to the injection timing of the second fuel injection, a 
map is stored beforehand by an experiment while using the basic injection quantity of the first fuel injection and the 
engine speed as parameters, and an optimal injection timing corresponding to operation conditions is determined from 
the map. 

w Since the flame lasting duration of the primary combustion by the primary fuel injection (the first fuel injection) var- 
ies due to changes in various parameters of the engine [for example, the engine temperature, the exhaust gas recircu- 
lation rate at the time of the primary combustion, the air/fuel ratio (A/F) at the time of primary combustion, the ignition 
timing at the time of the primary combustion, etc.], the additional fuel injected by the additional fuel injection (the second 
fuel injection) may not be surely ignited by the flame propagated from the primary combustion in some instances. 

15 Further, according to the technique of Japanese Patent Application Laid-Open (Kokai) No. HEI 8-100638, either the 
heating of exhaust gas by the second fuel injection or the heating of exhaust gas by retardation of the ignition timing of 
the primary combustion is chosen as needed depending on the value of the target temperature of the exhaust gas set 
at the exhaust-gas-heating-method-selecting unit. Even when additional fuel is injected or the ignition timing of primary 
combustion is retarded, the resulting thermal energy may be used in a significant proportion for the work required to 

20 depress the piston (gas expansion work) in some instances. This makes it impossible to effectively use the resultant 
thermal energy for heating the exhaust gas, leading to a problem that the temperature of the exhaust gas cannot be 
raised efficiently. 

S UMMARY QF THE INVENTION 

25 

The present invention has been completed in view of such problems. An object of the present invention is therefore 
to achieve sure combustion of additional fuel by a flame propagated from primary combustion without arrangement of 
any additional device while taking into consideration a flame lasting duration of the primary combustion corresponding 
to various parameters of an engine, so that the resulting thermal energy is effectively used to heat exhaust gas and is 

30 hence efficiently employed to heat an exhaust gas purification device. Another object of the present invention is to 
adjust the flame lasting duration of the primary combustion by adjusting the various parameters of the engine, so that 
the thermal energy obtained by the combustion of the additional fuel is used to effectively heat the exhaust gas and 
hence to efficiently heat the exhaust gas purification device. 

Therefore, an exhaust gas heating system according to one aspect of the present invention for an in-cylinder injec- 

35 tion internal combustion engine comprises a fuel injection device for injecting fuel directly into a combustion chamber 
of the internal combustion engine, a spark plug for subjecting fuel, which has been injected as primary fuel from the fuel 
injection device, to spark ignition so that the primary fuel undergoes primary combustion, an exhaust gas purification 
device arranged in an exhaust passage of the internal combustion engine, a purification device temperature computing 
unit for determining a temperature of the exhaust gas purification device by detecting or estimating the temperature of 

40 the exhaust gas purification device, and an additional fuel injection control unit for controlling the fuel injection device 
when the exhaust gas purification device is found to require activation from the temperature determined by the purifica- 
tion device temperature computing unit, so that an injection of fuel as additional fuel is performed during a flame lasting 
duration that a flame of the primary combustion based on the injection of the primary fuel remains; and the additional 
fuel injection control unit includes an injection timing setting unit for setting an injection start time of the additional fuel 

45 on a basis of a parameter which affects the flame lasting duration. 

The injection timing setting unit may preferably include an injection quantity computing unit for determining the 
injection quantity of the additional fuel on a basis of a directly- or indirectly-detected quantity of oxygen still remaining 
after the primary combustion, an injecting duration setting unit for setting an injecting duration, which corresponds to 
the injection quantity of the additional fuel determined by the injection quantity computing unit, and an injection start 

so time setting unit for setting an injection start time of the additional fuel on the basis of the parameter which affects the 
flame lasting duration. 

Preferably, the injection start time setting unit includes a basic injection start time setting unit for determining a 
basic injection start time on a basis of an engine speed and an engine load of the internal combustion engine, and a 
flame dying time computing unit for determining an injection start time correction factor on the basis of the parameter, 
55 which affects the flame lasting duration, while taking into consideration a flame dying time as an ending time of the 
flame lasting duration; and the injection start time setting unit sets the injection start time of the additional fuel on a basis 
of the basic injection start time determined by the basic injection start time setting unit and the injection start time cor- 
rection factor determined by the flame dying time computing unit, so that the injection of the additional fuel is started at 
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a timing where the additional fuel can be ignited by the flame of the primary combustion. 

The flame dying time computing unit may preferably determines the injection start time correction factor on a basis 
of at least one of an engine temperature of the internal combustion engine, an exhaust gas recirculation rate at a time 
of the primary combustion, an air/fuel ratio at the time of the primary combustion and an ignition timing at the time of 

5 the primary combustion as the parameter which affects the flame lasting duration. 

Preferably, the internal combustion engine includes an engine temperature detection unit for detecting the engine 
temperature, and the flame dying time computing unit includes a first injection start time correction map indicating a first 
injection start time correction factor which has been set while taking into consideration the flame dying time which 
advances as the engine temperature becomes lower, whereby the injection start time setting unit sets the injection start 

w time of the additional fuel on a basis of the first injection start time correction factor which has been determined from 
the first injection start time correction map on the basis of the engine temperature detected by the engine temperature 
detection unit 

Preferably, the internal combustion engine is provided with an exhaust gas recirculation rate control unit for control- 
ling an exhaust gas recirculation rate by opening or closing an on/off valve in an exhaust gas recirculation passage 

15 which communicates the exhaust passage and the intake passage with each other, and the flame dying time computing 
unit includes a second injection start time correction map indicating a second injection start time correction factor which 
has been set while taking into consideration the flame dying time which varies in accordance with the exhaust gas recir- 
culation rate, whereby the injection start time setting unit sets the injection start time of the additional fuel on a basis of 
the second injection start time correction factor which has been determined from the second injection start time correc- 

20 tion map on the basis of the exhaust gas recirculation rale controlled by the exhaust gas recirculation rate control unit. 
Preferably, the internal combustion engine is provided with a conventional fuel injection control unit for controlling 
an injection of fuel at the time of the primary combustion in accordance with operation conditions of the internal com- 
bustion engine, and the flame dying time computing unit includes a third injection start time correction map indicating a 
third injection start time correction factor which has been set while taking into consideration the flame dying time which 

25 delays as an air/fuel ratio at the time of the primary combustion becomes leaner, whereby the injection start time setting 
unit sets the injection start time of the additional fuel on a basis of the third injection start time correction factor which 
has been determined from the third injection start time correction map on the basis of the air/fuel ratio at the time of the 
primary combustion by the conventional combustion injection control unit. 

Preferably, the internal combustion engine is provided with an ignition timing control unit for controlling an ignition 

30 timing of the primary fuel, which has been injected from the fuel injection device, by the spark plug, and the flame dying 
time computing unit includes a fourth injection start time correction map indicating a fourth injection start time correction 
factor which has been set while taking into consideration the flame dying time which delays as an ignition timing at the 
time of the primary combustion is retarded, whereby the injection start time setting unit sets the injection start time of 
the additional fuel on a basis of the fourth injection start time correction factor which has been determined from the 

35 fourth injection start time correction map on the basis of the ignition timing set by the ignition timing control unit. 

The injection start time setting unit may preferably set the injection start time of the additional fuel at a timing dose 
to the flame dying time of the flame lasting duration. 

Preferably, the injection start time setting unit includes a flame lasting duration adjusting unit for adjusting the flame 
lasting duration, the flame lasting duration adjusting unit has a control unit for adjusting a control amount tor the param- 

40 eter and a storage unit for storing flame lasting durations corresponding to predetermined control amounts for the 
parameter, whereby the flame lasting duration adjusting unit adjusts the flame lasting duration by obtaining from the 
storage unit one of the predetermined control amounts for the parameter, said one control amount being required to 
make the ending time of the flame lasting duration become equal to a flame dying time corresponding to a degree of 
activation required for the exhaust gas purification device, and then adjusting the parameter through the control unit to 

45 give the one control amount, and the injection start time setting unit sets the injection start time of the additional fuel 
within the flame lasting duration adjusted by the flame tasting duration adjusting unit. 

Preferably, the internal combustion engine is provided with an exhaust gas recirculation rate control unit for control- 
ling an exhaust gas recirculation rate by opening or closing an on/off valve in an exhaust gas recirculation passage 
which communicates the exhaust passage and the intake passage with each other, the storage unit includes a first map 

so indicating flame dying times corresponding to control amounts for the exhaust gas recirculation rate, and the flame last- 
ing duration adjusting unit obtains from the first map one of the control amounts on a basis of a flame lasting duration 
corresponding to a temperature determined by the purification device temperature computing unit, and controls the 
exhaust gas recirculation rate control unit through the control unit to give the one control amount. 

Preferably, the internal combustion engine is provided with an ignition timing control unit for controlling an ignition 
55 timing of the spark plug, at which the primary fuel injected from the fuel injection device is subjected to spark ignition, 
the storage unit includes a second map indicating flame dying times corresponding to control amounts for the ignition 
timing of the primary combustion, and the flame lasting duration adjusting unit obtains from the second map one of the 
control amounts on a basis of a flame lasting duration corresponding to a temperature determined by the purification 
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device temperature computing unit, and controls the ignition timing control unit through the control unit to give the one 
control amount. 

Preferably, the internal combustion engine is provided with a conventional fuel injection control unit for controlling 
the fuel injection at the time of the primary combustion in accordance with operation conditions, the storage unit 
s includes a third map indicating flame dying times corresponding to control amounts for the air/fuel ratio of the primary 
combustion, and the flame lasting duration adjusting unit obtains from the third map one of the control amounts on a 
basis of a flame lasting duration corresponding to a temperature determined by the purification device temperature 
computing unit, and controls the conventional fuel injection control unit through the control unit to give the one control 
amount. 

10 The injection timing setting unit may include a first injecting duration correcting unit for correcting a basic injecting 
duration determined by the injecting duration setting unit in accordance with a temperature of the exhaust gas purifica- 
tion device determined by the purification device temperature computing unit. 

Preferably, the first injecting duration correcting unit has a correcting factor setting unit for correcting the basic 
injecting duration by a first injecting duration correcting factor, which has been predetermined corresponding to the tern- 
is perature of the exhaust gas purification device, so that the injection quantity of the additional fuel becomes smaller as 
the temperature of the exhaust gas purification device rises. 

Preferably, the internal combustion engine include plural cylinders, and the first injecting duration correcting unit 
has a cylinder designating unit which, based on a cylinder number map preset corresponding to temperatures of the 
exhaust gas purification device, decreases a number of additional-injection-performed cylinders as the temperature of 
20 the exhaust gas purification device rises. 

Preferably, the injecting duration setting unit includes a second injecting duration correcting unit which, by a second 
injecting duration correcting factor predetermined corresponding to the injection start time of the additional fuel in the 
expansion stroke of the primary combustion, corrects the basic injecting duration determined by the injecting duration 
setting unit so that an actual injection quantity conforms with the injection quantity of the additional fuel determined by 
25 the injection quantity computing unit. 

Preferably, the additional fuel injection control unit includes an injection quantity computing unit for determining the 
injection quantity of the additional fuel on a basis of a directly- or indirectly-detected quantity of oxygen still remaining 
after the primary combustion, and the injection timing setting unit is provided with a divided injection start time setting 
unit which sets injection start times of plural divided injections so that the injection quantity of the additional fuel deter- 
30 mined by the injection quantity computing unit is divided and injected in like plural portions. 

When the injection quantity of the additional fuel is injected by dividing the same in N portions, the divided injection 
start time setting unit may preferably set an injection start time of an N th divided injection at a timing immediate before 
the exhaust valve opens. 

Preferably, the injection timing setting unit is provided with an injecting duration setting unit which, when the injec- 
35 tion quantity of the additional fuel is injected by dividing the same in N portions, sets an N-1 m divided injecting duration 
and an N m divided injecting duration so that an N-1 m divided injection quantity becomes smaller than an N m divided 
injection quantity. 

Preferably, the injecting duration setting unit includes third injecting duration correcting factors predetermined cor- 
responding to values of the engine temperature and, when the injection quantity of the additional fuel is injected by 

40 dividing the, same in N portions, the injecting duration setting unit sets an N-1 th divided injecting duration and an N* 1 
divided injecting duration by the third injecting duration correcting factors so that an N-1 * divided injection quantity 
becomes still smaller than an N th divided injection quantity as the engine temperature rises. 

Preferably, the injection start time setting unit sets the injection start time so that, when the temperature of the 
exhaust gas purification device determined by the purification device temperature computing unit is lower than a preset 

45 temperature permitting combustion of an unburnt fuel portion within the exhaust purification device, the injection of the 
additional fuel is effected within the flame lasting duration in which the flame of the primary combustion based on the 
injection of the primary fuel remains; and, when the temperature of the exhaust purification device is equal to or higher 
than the preset temperature, the injection start time setting unit sets the injection start time so that the injection of the 
additional fuel is performed after the flame lasting duration. 

so Further, an exhaust gas heating system according to another aspect of the present invention for an in-cylinder 
injection internal combustion engine comprises a fuel injection device for injecting fuel directly into a combustion cham- 
ber of the internal combustion engine, a spark plug for subjecting fuel, which has been injected as primary fuel from the 
fuel injection device, to spark ignition so that the primary fuel undergoes primary combustion, an exhaust gas purifica- 
tion device arranged in an exhaust passage of the internal combustion engine, and an additional fuel injection control 

55 unit for controlling the fuel injection device so that, when the exhaust gas purification device is found to require activa- 
tion of a catalyst thereof, fuel is injected as additional fuel within a flame lasting duration in which a flame of the primary 
combustion remains, the additional fuel injection control unit includes an injection quantity computing unit for determin- 
ing an injection quantity of the additional fuel on a basis of a directly- or indirectly-detected quantity of oxygen still 
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remaining after the primary combustion, and an injection timing setting unit including an injecting duration setting unit 
for setting a basic injecting duration corresponding to the injection quantity of the additional fuel determined by the injec- 
tion quantity computing unit, and an injection start time setting unit for setting an injection start time of the additional fuel 
on a basis of a parameter which affects the flame lasting duration, and the injection start time setting unit, upon starting 
5 up the internal combustion engine at a low temperature, sets the injection start time so that the injection of the additional 
fuel is effected within the flame tasting duration and, in an operation state from which the exhaust gas purification device 
is expected to be reduced in temperature, sets the injection start time so that the injection of the additional fuel is 
effected after the flame lasting duration. 

10 BRIEF DESCRIPTION QP THE PRAWINGS 

FIG. 1 is a control block diagram schematically illustrating the construction of an essential part of a control system 
of an exhaust gas heating system according to a first embodiment of the present invention for an in-cylinder injec- 
tion internal combustion engine; 
15 FIG. 2 is a control block diagram of the exhaust gas heating system according to the first embodiment of the 
present invention for the in-cylinder injection internal combustion engine; 

FIG. 3 is an overall construction diagram of the exhaust gas heating system according to the first embodiment of 
the present invention for the in-cylinder injection internal combustion engine; 

FIG. 4 is a chart showing an injection timing of additional fuel by the exhaust gas heating system according to the 
20 first embodiment of the present invention for the in-cylinder injection internal combustion engine; 

FIGS. 5(A) and 5(B) are f tow charts for explaining fuel injection control by the exhaust gas heating system accord- 
ing to the first embodiment of the present invention for the in-cylinder injection internal combustion engine, in which 
FIG. 5(A) is a flow chart of control of a conventional fuel injection and FIG. 5(B) is a flow chart of control of an addi- 
tional fuel injection; 

25 FIGS. 6(A) through 6(D) are diagrams illustrating maps employed in the control of the additional fuel injection by 
the exhaust gas heating system according to the first embodiment of the present invention for the in-cylinder injec- 
tion internal combustion engine, in which FIG. 6(A) is a first injection start time correction map (6A) showing a cool- 
ant temperature correction factor (first injection start time correction factor) K6, FIG. 6(B) is a second injection start 
time correction map (6B) depicting an exhaust gas recirculation rate correction factor (second injection start time 

30 correction factor) K E , FIG. 6(C) is a third injection start time correction map (6C) indicating an air/fuel ratio correc- 
tion factor (third injection start time correction factor) K R and FIG. 6(D) is a fourth injection start time correction map 
(6D) illustrating an ignition timing correction factor (fourth injection start time correction factor) K,; 
FIGS. 7(A) through 7(C) are diagrams illustrating maps for use in the control of an injection of additional fuel by the 
exhaust gas heating system according to the first embodiment of the present invention for the in-cylinder injection 

35 internal combustion engine, in which FIG. 7(A) is a map (7A) showing a flame lasting duration corresponding to a 
control amount for an exhaust gas recirculation rate (EGR rate) at the time of primary combustion, FIG. 7(B) is a 
map (7B) depicting a flame lasting duration corresponding to a control amount for an air/fuel ratio (A/F) at the time 
of primary combustion, and FIG. 7(C) is a map (7C) indicating a flame lasting duration corresponding to a control 
amount for an ignition timing T, Q at the time of primary combustion; 

40 FIGS. 8(A) through 6(C) are diagrams illustrating variations in heat release rate when additional fuel is injected by 
adjusting the control amounts for the respective parameters in the control of the injection of the additional fuel by 
the exhaust gas heating system according to the first embodiment of the present invention for the in-cylinder injec- 
tion internal combustion engine, in which FIG. 8(A) shows variations when the exhaust gas recirculation is 
adjusted, FIG. 8(B) illustrates variations when the air/fuel ratio of the primary combustion is adjusted, and FIG. 8(C) 

45 depicts variations when the ignition timing of the primary combustion is adjusted; 

FIG. 9 is a diagram for explaining an internal cylinder pressure and a heat release rate when an injection of addi- 
tional fuel is performed in an expansion stroke by the exhaust gas heating system according to the first embodiment 
of the present invention for the in-cylinder injection internal combustion engine; 

FIG. 1 0 is a control block diagram schematically illustrating the construction of an essential part of a control system 
so of an exhaust gas heating system according to a second embodiment of the present invention for an in-cylinder 
injection internal combustion engine; 

FIG. 11 is a chart showing an injection timing of additional fuel by the exhaust gas heating system according to the 
second embodiment of the present invention for the in-cylinder injection internal combustion engine; 
FIG. 12 is a flow chart for explaining control of an injection of additional fuel by the exhaust gas heating system 
55 according to the second embodiment of the present invention for the in-cylinder injection internal combustion 
engine; 

FIG. 1 3 is a control block diagram schematically illustrating the construction of an essential part of a control system 
of an exhaust gas heating system according to a third embodiment of the present invention for an in-cylinder injec- 
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tion internal combustion engine; 

FIG. 14 is a chart showing an injection timing of additional fuel by the exhaust gas heating system according to the 

third embodiment of the present invention for the in-cylinder injection internal combustion engine; 

FIG. 15 is a flow chart for explaining control of an injection of additional fuel by the exhaust gas heating system 

5 according to the third embodiment of the present invention for the in-cylinder injection internal combustion engine; 

FIG. 16 is a diagram for explaining an internal cylinder pressure and a heat release rate when an injection of addi- 
tional fuel is performed in an expansion stroke by the exhaust gas heating system according to the third embodi- 
ment of the present invention for the in-cylinder injection internal combustion engine; and 
FIGS. 1 7(A) through 1 7(D) are diagrams showing maps for use in the control of an injection of additional fuel by an 

10 exhaust gas heating system according to an embodiment of the present invention for the in-cylinder injection inter- 
nal combustion engine, in which FIG. 17(A) is a map (1 7A) showing a second injecting duration correcting factor K-| 
predetermined corresponding to an injection start time T| NJ . FIG. 17(B) is a map (17B) illustrating a first injecting 
duration correcting factor K 2 predetermined corresponding to a catalyst temperature ecc, FIG. 17(C) is a cylinder 
number map (17C) preset corresponding to the catalyst temperature Oc.c, and FIG. 17(D) is a map (17D) preset 

is from an injection-performed cylinder number N (N j, a coolant temperature 9w and a third injecting duration correct- 
ing factor K 3 . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 The embodiments of the present invention will hereinafter be described with reference to the accompanying draw- 
ings. 

Referring first to FIGS. 1 through 9, a description will be made about the exhaust gas heating system according to 
the first embodiment of the present invention for the in-cylinder injection internal combustion engine. 

The in-cylinder injection internal combustion engine equipped with the exhaust gas heating system is constructed 
25 as shown in FIG. 3, that is, is an internal combustion engine performing individual strokes of intake, compression, 
expansion and exhaust in a working cycle, namely, a four-cycle engine, is of the spark ignition type and moreover, is 
constructed as an in-cylinder injection internal combustion engine in which fuel is injected directly into a combustion 
chamber. 

As is illustrated in FIG. 3, an intake passage 2 and an exhaust passage 3 are connected to the combustion cham- 
30 ber designated at numeral 1 so that the intake passage 2 and the exhaust passage 3 can be communicated to the com- 
bustion chamber 1 . The intake passage 2 and the combustion chamber 1 are brought into mutual communication under 
control by an intake valve 4, while the exhaust passage 3 and the combustion chamber 1 are brought into mutual com- 
munication under control by an exhaust valve 5. 

The intake passage 2 is provided with an air cleaner 6 and a throttle valve 7, which are arranged in this order from 
35 an upstream side. The exhaust passage 3, on the other hand, is provided with an exhaust gas purification catalytic con- 
verter 9, as an exhaust gas purification device, and an unillustrated muffler (silencer), which are arranged in this order 
from an upstream side of the exhaust passage 3. Incidentally, the intake passage 2 is also provided with a surge tank 
2a. 

Also arranged is an exhaust gas recirculation system (hereinafter called the "ERG system**) 10. Described specif i- 
40 cally, an exhaust gas recirculation passage 1 0b is arranged so that the intake passage 2 is connected at the surge tank 
2a with an upstream side of the exhaust passage 3. This exhaust gas recirculation passage 10b is provided with an 
EGR valve 10a. 

By the EGR valve 10a, the flow rate of exhaust gas (which may also be called "emission'' or "emission gas") from 
the exhaust passage 3 to the intake passage 2 can be controlled. Incidentally, control of the EGR valve 10a is per- 
45 formed depending on operation conditions of the engine. 

The throttle valve 7 varies in opening depending on a stroke of an unillustrated accelerator pedal, whereby the 
quantity of air to be introduced into the combustion chamber 1 is adjusted. Further, designated at numeral 16 is an idle 
speed control valve (ISC valve), which is arranged in a bypass line 16A disposed bypassing a throttle-valve-arranged 
portion of the intake passage 2, is on/off driven by an unillustrated stepper motor, and finely adjusts an idling speed pri- 
st? marily when the throttle valve 7 is fully or substantially closed up. 

Numeral 50 indicates an air bypass valve (ABV). which is arranged in a bypass line 50 A communicating the intake 
passage 2 on an upper side of the throttle valve 7 with the surge tank 2a so that the throttle-valve-arranged portion of 
the intake passage 2 is bypassed. The air bypass valve 50 can adjust the air/fuel ratio by adjusting the quantity of intake 
air independently of the throttle valve 7. 
55 An injector (fuel injection valve) 8 as a fuel injection device is arranged with its opening facing on the combustion 
chamber 1 so that fuel is injected directly into the combustion chamber 1 in a cylinder. Needless to say, one injector 8 
is arranged per cylinder. Assuming, for example, that the engine in this embodiment is an in-series 4-cylinder engine, 
four injectors 8 are arranged. 
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Owing to the construction as described above, air which has been inducted through the air cleaner 6 in an amount 
corresponding to an opening of the throttle valve 7 is inducted into the combustion chamber 1 when the intake valve 4 
is opened. Within the combustion chamber 1 , the thus-inducted air is mixed with fuel directly injected from the injector 
8, and the resultant air-fuel mixture is ignited there at an appropriate timing by a spark plug 35. The air-fuel mixture is 
5 hence caused to burn so that an engine torque is produced. After that, the thus-burnt air-fuel mixture is discharged as 
exhaust gas from the combustion chamber 1 into the exhaust passage 3. After three noxious components of CO, HC 
and NOx in the exhaust gas are purified at the catalytic converter (which may hereinafter be called simply the "catalyst") 
as the exhaust gas purification device, the exhaust gas is deaden in noise and is then released to a side of the atmos- 
phere. 

10 In particular, this engine is an engine which can perform a fuel-saving operation while keeping the air/fuel ratio lean, 
and during a lean operation, NOx in exhaust gas cannot be fully purified if a conventional three-way catalyst is solely 
relied upon. Accordingly, the catalyst 9 is composed in combination of a lean NOx catalyst 9A and a three-way catalyst 
9B. Namely, the three-way catalyst 9B equipped with a three-way function, which can purify CO, HC and NOx in exhaust 
gas at a stoichiometric air/fuel ratio, is arranged downstream of the lean NOx catalyst 9A. 

rs The arrangement of the three-way catalyst 9B on the downstream side of the lean NOx catalyst 9A is to ensure 
purification of CO and HC, which the lean NOx catalyst has failed to fully purify, while avoiding any interference with the 
purification of NOx at the lean NOx catalyst 9A. Incidentally, the three-way catalyst 9B can be omitted when the lean 
NOx catalyst 9A is equipped with a three-way function. 

Describing the engine in further detail, the engine is constructed so that an inducted air flow, which has flowed into 

20 the combustion chamber 1 from the intake passage 2, forms a vertical swirl (reverse tumble flow). As the inducted air 
flow forms such a vertical swirl within the combustion chamber 1 , use of this vertical swirl makes it possible to have fuel 
gathered only in a vicinity of the spark plug 35 arranged, for example, centrally in a top part of the combustion chamber 
1 and also to establish a state of an extremely lean air-fuel ratio in a part remote from the spark plug 35. By achieving 
a stoichiometric air/fuel ratio only in the vicinity of the spark plug 35 in this manner, the fuel consumption can be reduced 

25 while realizing stabilized stratified combustion. As an optimal timing of a fuel injection in this case, it is desired to inject 
fuel in a latter stage of a compression stroke. 

To obtain a high power output from the engine, it is only necessary to form an air-fuel mixture of a stoichiometric 
air/fuel ratio or a lean air/fuel ratio throughout the combustion chamber 1 and then to perform premixed combustion. 
Here again, it is possible to efficiently obtain a high power output by conducting an injection of fuel at such a timing that 

30 atomization and vaporization of the fuel can be fully achieved. As an optimal timing for the injection of fuel in this case, 
it is known to set the timing so that the injection of fuel can be completed in an early stage or a former stage of an intake 
stroke to permit promotion of atomization and vaporization of the fuel by using an inducted air flow. 

Incidentally, a variety of sensors are arranged to control the engine. First, arranged on the side of the intake pas- 
sage 2 are inter alia an air flow sensor 1 1 for detecting the quantity of inducted air from Karman vortex information, an 

35 inducted air temperature sensor 12 for detecting the temperature of inducted air and an atmospheric pressure sensor 
1 3 for detecting an atmospheric pressure, all at an air-cleaner-arranged portion; and a throttle opening sensor 1 4 of the 
potentiometer type for detecting an opening of the throttle valve 7 and an idling switch 1 5 for detecting an idling state or 
the like, both at the throttle-valve-arranged portion. 

On the side of the exhaust passage 3, on the other hand, there are arranged on an upstream side of the catalyst 9 

40 an oxygen concentration sensor 1 7 (hereinafter simply called the "0 2 sensor 1 7") for detecting an oxygen concentration 
(O2 concentration) in exhaust gas; and on a downstream side of the catalyst 9, a catalyst temperature sensor (high tem- 
perature sensor) 26 for detecting the temperature of the catalyst or its vicinity as a purification device temperature com- 
puting unit 

Other sensors include a coolant temperature sensor (coolant temperature detection unit) 19 as an engine temper- 
45 ature detection unit for detecting the temperature of an engine coolant (engine temperature); and as is shown in FIG. 
2, a crank angle sensor 21 for detecting a crank angle (this crank angle sensor 21 also serves as a rotational speed 
sensor for detecting an engine speed) and a TDC sensor (cylinder-identifying sensor) 22 for detecting top dead center 
of a first cylinder (reference cylinder), both arranged in a vicinity of a cam. 

Detection signals from these sensors are inputted to an electronic control unit (ECU) 23. 
so Also inputted to the ECU 23 are voltage signals from an accelerator position sensor 24 for detecting a stroke of the 
accelerator pedal and a battery sensor 25 for detecting the voltage of a battery as well as a signal from a cranking 
switch [or ignition switch (key switch)] 20 for detecting a start-up. 

Incidentally, the hardware construction of the ECU 23 can be illustrated as shown in FIG. 2. This ECU 23 is pro- 
vided with a CPU 27 as its principal unit. To the CPU 27, detection signals are inputted through an input interface 28 
55 and an analog/digital converter 30 from the inducted air temperature sensor 12. the atmospheric pressure sensor 13, 
the throttle opening sensor 14, the 0 2 sensor 17, the coolant temperature sensor 19, the accelerator position sensor 
24, the catalyst temperature sensor 26 and the battery sensor 25; and detection signals are also inputted through an 
input interface 29 from the air flow sensor 1 1 , the crank angle sensor 21 , the TDC sensor 22, the idling switch 15. the 
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cranking switch 20 and an ignition switch and the like. 

Through a bus, the CPU 27 also exchange data with an ROM 31 that stores program data and fixed value data, an 
RAM 32 that is successively rewritten by updating, a free running counter 48, and a battery backed-up RAM (not shown) 
that is backed up by a battery to hold stored information, data and the like as long as the battery is connected. 
5 Incidentally, the data of the RAM 32 are erased and reset whenever an ignition switch is turned off. 

Further, fuel injection control signals obtained as a result of computation at the CPU 27 are outputted to solenoids 
(injector solenoids) 8a of injectors 8 via solenoid drivers (four solenoid drivers in this embodiment; fuel injection valve 
drive unit) 34 for the respective cylinders. 

Now paying attention to fuel injection control (air/fuel ratio control), fuel injection control signals computed at the 
w CPU 27 are outputted via the respective drivers 34 so that the injectors, for example, the four injectors 8 are succes- 
sively driven. 

Rom the above-mentioned characteristics of the in-cylinder injection engine, the engine is provided, as fuel injec- 
tion modes, with a latter-stage Injection mode that performs an injection of fuel in a compression stroke (especially, in 
a tatter half of a compression stroke) to improve the gas mileage by achieving a lean operation based on stratified com- 

15 bustion, a former-stage injection mode that performs an injection of fuel in an intake stroke (especially, in a former half 
of an intake stroke) to achieve a lean operation based on premixed combustion and hence to obtain an output by a gen- 
tle acceleration, and a stoichiometric mode that performs an injection of fuel in an intake stroke to achieve a stoichio- 
metric operation (theoretical air/fuel ratio operation) by premixed combustion and thus to improve the power output over 
the former-stage injection mode. 

20 In particular, to activate the catalyst 9, the internal combustion engine is designed to inject additional fuel in an 
expansion stroke in addition to a fuel injection (primary fuel injection) for conventional combustion such as that 
described above. This additional fuel injection is to heat and activate the catalyst 9 by subjecting the additional fuel to 
combustion by a flame propagated from the primary combustion without energizing the spark plug again and then feed- 
ing the thus-heated exhaust gas to the catalyst 9. 

25 This additional fuel injection is therefore designed to perform control on a basis of operation conditions of the inter- 
nal combustion engine, especially, the state of activation of the catalyst 9. so that as is illustrated in FIG. 4. an injection 
of additional fuel is conducted in each expansion stroke (specifically, while a flame still exists in each expansion stroke) 
of each cylinder and is ended when the catalyst 9 is brought back into an active state. 

For such fuel injection control (injector drive control), the ECU 23 is provided with a fuel injection control unit 101 

30 for performing the selection of one of the injection mode and the setting of a fuel injection quantity as shown in the func- 
tional block diagram of FIG. 1 . Further, the ECU 23 is internally provided with an exhaust gas recirculation rate control 
unit 104 and an ignition timing control unit 107. 

As is depicted in FIG. 1 , the fuel injection control unit 101 is provided with a function for performing an injection of 
additional fuel when the catalyst 9 is inactive (additional fuel injection control unit) 102 and a function for performing fuel 

35 injection control at the time of a normal operation (conventional fuel injection control unit) 1 03. The additional fuel injec- 
tion control unit 102 is a characteristic constitutional element of the exhaust gas heating system which is concerned with 
purification of exhaust gas. 

Based on detection information from the catalyst temperature sensor (catalyst temperature detection unit) 26 as 
the purification device temperature computing unit for detecting the temperature of the catalyst 9 or its vicinity, the addi- 

40 tional fuel injection control unit 102 determines whether or not the catalyst 9 is in an active state. If the catalyst 9 is not 
found to be in an active state, an injection of additional fuel is performed during a flame lasting duration in which a flame 
of primary combustion based on the injection of the primary fuel still remains. Described specifically, when the temper- 
ature (hereinafter called the "catalyst temperature") 6c.c of the catalyst 9 or its vicinity as detected by the catalyst tem- 
perature sensor 26 is determined or estimated to be equal to or lower than a predetermined temperature 6^ the catalyst 

45 9 is determined to be in an inactive state. Based on this determination, control is performed so that additional fuel is 
injected in an expansion stroke of each cylinder (see FIG. 4). 

Here, the predetermined temperature 0 o means a target catalyst activation temperature and is determined based 
on a lower limit temperature for catalyst activation. For example, it may be set as a value which is obtained by adding a 
certain predetermined temperature to the lower limit temperature for catalyst activation. This lower limit temperature for 

so catalyst activation is approximately 400° or so for the lean NOx catalyst employed in this embodiment. Incidentally, the 
target temperature 6 0 as the predetermined temperature (the predetermined temperature will hereinafter be called the 
"target temperature") may be set to conform with a catalyst activation temperature. 

The additional fuel injection control unit 102 is provided with an injection quantity computing unit 1 12 for determin- 
ing an injection quantity of additional fuel on the basis of a quantity of oxygen still remaining after primary combustion 

55 and also with an injection timing setting unit 1 10 for setting the timing of an injection of the additional fuel. 

Here, the injection quantity computing unit 112 directly or indirectly detects the quantity of the oxygen still remaining 
after the primary combustion and then determines the injection quantity of the additional fuel on the basis of the quantity 
of the remaining oxygen so detected. 
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The injection timing setting unit 110 sets an injecting duration and injection start time of additional fuel on the basis 
of various parameters affecting a flame lasting duration during which a flame of primary combustion remains, and is 
provided with a function (injecting duration setting unit) 114 for setting an injecting duration of additional fuel in each 
cycle in accordance with the injection quantity determined by the injection quantity computing unit 1 12 and also with a 
function (injection start time setting unit) 1 16 for setting an injection start time Tinj for the additional fuel. 

Of these units, the injection start time setting unit 116 sets an injection start time T| N j so that in an expansion stroke 
of each cylinder, an injection of additional fuel is performed in a combustion duration at the time of combustion by a con- 
ventional fuel injection (hereinafter called the "primary combustion"), in other words, in a duration in which aflame exists 
(hereinafter called the "flame lasting duration"). 

The setting of the injection start time T iNJ of the additional fuel as described above is to cause combustion (here- 
inafter called the "additional combustion") of the fuel, which is injected by the additional fuel injection, without arrange- 
ment of any additional device, because it is necessary to perform the additional fuel injection in the flame lasting 
duration of fuel by a conventional fuel injection as is illustrated in FIG. 9. 

Because, gasoline which is used as fuel has low self-ignition property, and hence has a property that it cannot 
undergo sure combustion unless a combustible source or an external energy source for inducing chemical decomposi- 
tion of gasoline itself to cause combustion of gasoline is present In contrast, fuels having high self-ignition property 
include those having high setane numbers such as diesel oil. 

FIG. 9 diagrammatically illustrates internal cylinder pressures and heat release rates from a compression stroke to 
a combustion and expansion stroke. In FIG. 9, a thin curve A indicates heat release rates when only conventional fuel 
injections were performed, a thick curve B designates heat release rates when additional fuel injections were per- 
formed, a broken curve C represents internal cylinder pressures when only conventional fuel injections were performed, 
and a thick curve D shows internal cylinder pressures when additional fuel injections were performed. Incidentally, the 
durations indicated as heat release rates by the thin curve A and the thick curve B are equivalent to flame lasting dura- 
tions. 

As is shown in FIG. 9, when an additional fuel injection is performed at a time as late as possible within a flame 
lasting duration of primary combustion corresponding to a heat release rate indicated by the thin curve A, the flame last- 
ing duration is extended close to an exhaust stroke as indicated by the thick curve B. Thermal energy, which is obtained 
as a result of heating of exhaust gas by the additional combustion, can therefore be used more effectively for heating 
the catalyst 9A. 

On the other hand, the thick curve D indicates that the internal cylinder pressure rises when an additional fuel injec- 
tion is performed. When the internal cylinder pressure rises as described above, the thermal energy obtained by the 
additional corrtoustion is considered to be used in a greater proportion for the work that depresses the piston (gas 
expansion work). Such a rise in internal cylinder pressure is therefore not preferred for heating exhaust gas. 

To effectively use the thermal energy obtained by the additional combustion, it is therefore desired to set the injec- 
tion start time T| NJ of additional fuel at a time as late as possible within an expansion stroke. On the other hand, the 
injection start time T, NJ of the additional fuel must fall within the flame lasting duration as mentioned above. It is there- 
fore desired to set the injection start time T (NJ of the additional fuel at a time as late as possible within the flame lasting 
duration (i.e., at a time close to a flame dying time). 

Aflame dying time, which is an ending time of a flame lasting duration, varies under influence of various parameters 
such as the coolant temperature (engine temperature) ew, the exhaust gas recirculation rate at the time of primary com- 
bustion (EGR rate), the air/fuel ratio (A/F) at the time of primary combustion and the ignition timing T| Q at the time of 
primary combustion. It is therefore necessary to take influence of these parameters into consideration upon setting an 
injection start time T !NJ for additional fuel. 

Taking into consideration the coolant temperature ew alone, for example, a low coolant temperature ew leads to a 
deterioration in combustion and hence to an advance in flame dying time. In order to assure additional combustion, it is 
therefore desired to advance the injection start time T^ (to an initial stage of an expansion stroke) as the coolant tem- 
perature 6w becomes lower. Because, a cylinder block and its peripheral components are cool when an engine is cool. 
Accordingly, heat tends to dissipate through the cylinder block and the like. Moreover, a flame is brought into contact 
with an inner wall of the cylinder block over a wide area so that a large quenching zone is formed. Even if a flame of 
primary combustion begins to propagate, the flame therefore dies before it spreads throughout the combustion cham- 
ber. 

Next taking the EGR rate alone into consideration, a large EGR rate results in a greater ignition lag upon primary 
combustion so that the maximum pressure within the combustion chamber and the crank angle corresponding to the 
maximum pressure vary from cycle to cycle. These variations become greater with the EGR rate. The flame lasting 
duration also varies in association with these variations. In order to assure combustion of additional fuel, it is therefore 
preferred to advance the injection start time T, NJ of the additional fuel within an expansion stroke. 

Further, A/F alone will now be considered. Similarly to the case where the EGR alone was considered, the ignition 
lag in primary combustion increases as the air/fuel ratio becomes leaner, whereby the maximum pressure within the 
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combustion chamber and the crank angle corresponding to the maximum pressure vary from cycle to cycle. These var- 
iations increase as the air/fuel ratio becomes leaner. The flame lasting duration also varies in association with these 
variations. In order to assure combustion of additional fuel, it is therefore preferred to advance the injection start time 
T iN |j of the additional fuel within an expansion stroke. 

5 Taking into consideration only the primary-combustion-time ignition timing T tQ , the flame lasting duration, that is, 

the flame dying time varies when the ignition timing T )G is advanced or regarded. It is therefore preferred to set the injec- 
tion start time T (NJ of additional fuel in accordance with an advance or retard in the ignition timing T, G . Because, when 
the ignition timing T, G is advanced, the combustion duration becomes shorter and the flame dying time becomes earlier. 
When the ignition timing T )G is conversely retarded, the combustion becomes slow (the combustion velocity becomes 

10 slow) so that the flame dying time becomes later. 

As is appreciated from the foregoing, it is necessary to set the injection start time T| NJ of additional fuel in view of 
the flame lasting duration of the primary combustion. The setting of the injection start time T )NJ in an expansion stroke 
by the injection start time setting unit 1 16 is therefore conducted by correcting the basic fuel injection start time Tb| N j, 
which serves as a basis in the injection of additional fuel in the expansion stroke, with various correction factors in view 

75 of parameters affecting the flame lasting duration in which the flame of the primary combustion remains, that is, the 
coolant temperature Ow, the primary-combustion-time EQR rate, the primary-combustion-time air/fuel ratio, and the 
flame dying time corresponding to the ignition timing T| G of the primary combustion. 

The injection start time setting unit 1 16 is therefore provided with a function (basic injection start time setting unit) 
1 16A for setting a basic fuel injection start time and a function (flame dying time computing unit) 1 16B for setting an 

20 injection start time correction factor in view of a flame dying time which varies under the influence of various parame- 
ters. The injection start time setting unit 116 corrects the basic injection start time, which has been set by the basic 
injection start time setting unit 1 16A, by the injection start time correction factor set by the flame dying time computing 
unit 1 1 6B, whereby the injection start time T (N j for the additional fuel is set to inject the additional fuel at a timing where 
the additional fuel can be ignited by the flame of the primary combustion. 

25 Incidentally, the basic injection start time setting unit 1 16A determines a basic fuel injection start time Tb ]N j from a 
pre-stored map [Tb INU = f(Pe.Ne) ] on the basis of an engine speed Ne detected by the engine speed sensor 21 and a 
target load value (engine load) Pe. 

Here, the target load value Pe is calculated in accordance with the following formula: 

30 Pe = T/(KxVs) 

where T is a torque, K is a constant, and Vs is a displacement. 

On the other hand, the flame dying time computing unit 116B determines an injection start time correction factor, 
which is set while taking into consideration a flame dying time, i.e., an ending time of a flame lasting duration, on the 

35 basis of parameters affecting the flame lasting duration. Taking into consideration a flame dying time corresponding to 
various parameters such as a coolant temperature 8w, an ERG rate, an air/fuel ratio (A/F), a primary-combustion-time 
ignition timing T tQ and the like, an injection start time correction factor corresponding to the various parameters is deter- 
mined from plural maps which indicate preset injection start time correction factors. 

FIGS. 6(A) through 6(D) show maps, which indicate injection start time correction factors corresponding to various 

40 parameters, respectively. 

Of these, FIG. 6(A) illustrates a first injection start time correction map (6A), which indicates a coolant temperature 
correction factor (first injection start time correction factor) K0. This coolant temperature correction factor K6 has taken 
into consideration the flame dying time which becomes earlier as the coolant temperature Ow drops. Since the flame 
dying time becomes earlier as the coolant temperature Ow detected by the coolant temperature sensor 19 drops, this 

45 first injection start time correction factor K0 is set at a smaller value as the coolant temperature 6w drops, so that the 
injection start time T| N j is be advanced as the coolant temperature Ow drops. 

FIG. 6(B) depicts a second injection start time correction map (6B), which indicates an exhaust gas recirculation 
rate correction factor (second injection start time correction factor) K E . The exhaust gas recirculation rate correction fac- 
tor K E has taken into consideration the flame dying time which becomes later as the exhaust gas recirculation rate at 

so the time of primary combustion decreases. Corresponding to the main-combustion-time exhaust gas recirculation rate 
set by the exhaust gas recirculation rate control unit 104, the state of combustion varies and the flame dying time also 
varies. The second injection start time correction factor K E is therefore set so that the injection start time T IN d varies to 
remain conforming with the thus-varied flame dying time. 

FIG. 6(C) shows a third injection start time correction map (6C), which indicates an air/fuel ratio correction factor 

55 (third injection start time correction factor) K F This air/fuel ratio correction factor K F has taken into consideration the 
flame dying time which delays as the main-combustion-time air/fuel ratio (A/F) becomes leaner. Since the flame dying 
time becomes later as the main-combustion-time air/fuel ratio set by the conventional fuel injection control unit 103 
becomes leaner, the third injection start time correction factor K F is set at a greater value as the main-combustion-time 
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air/fuel ratio becomes leaner, so that the injection start time T, NJ is delayed as the main-combustion-time air/fuel ratio 
becomes leaner 

FIG. 6(D) presents a fourth injection start time correction map (6D), which indicates an ignition timing correction 
factor (fourth injection start time correction factor) K,. This ignition timing correction factor Kj has taken into considera- 
tion the flame dying time which corresponds to the main-combustion-time ignition timing T| G . Since the flame dying time 
delays as the main-combustion-time ignition timing set by the ignition timing control unit 107 is retarded, the fourth injec- 
tion start time correction factor K| is set at a greater value as the main-combustion-time ignition timing is retarded, so 
that the injection start time T, G is delayed as the main-combustion-time ignition timing is retarded. 

To perform a correction by a coolant temperature 6w, the injection start time setting unit 1 1 6 determines an injection 
start time T| NJ for additional fuel by adding a coolant correction factor Ke, which has been obtained from the map (6A) 
of FIG. 6(A) stored in the flame dying time computing unit 1 1 6B on the basis of a coolant temperature 8w detected by 
the coolant temperature sensor 19, to a basic fuel injection start time Tb| NJ determined by the basic injection start time 
setting unit 1 1 6A (Tb, NJ + K6). 

To perform a correction by an exhaust gas recirculation rate, an exhaust gas recirculation rate correction factor Ke 
is obtained from the map (6B) of FIG. 6(B) stored in the flame dying time computing unit 1 16B on the basis of a main- 
combustion-time exhaust gas recirculation rate set by the exhaust gas recirculation rate control unit 1 04. This correction 
amount is then added to a basic fuel injection start time Tbj N j determined by the basic injection start time setting unit 
1 16A (Tb| NJ + Ke), whereby an injection start time T| NJ for additional fuel is obtained. 

To perform a correction by an air/fuel ratio, an air/fuel ratio factor K F is obtained from the map (6C) of FIG. 6(C) 
stored in the flame dying time computing unit 1 1 6B on the basis of a main-combustion-time air/fuel ratio set by the con- 
ventional combustion injection control unit 103. This correction amount is then added to a basic fuel injection start time 
Tb| N j determined by the basic injection start time setting unit 1 1 6A (Tb| NJ + K F ), whereby an injection start time T INJ for 
additional fuel is determined. 

It is however unnecessary to perform all of the corrections which rely, as various parameters affecting the flame 
lasting duration, upon the engine temperature, the exhaust gas recirculation rate, the air/fuel ratio and the main-com- 
bustion-time ignition timing, respectively, it is sufficient to perform one or more of the corrections as needed in accord- 
ance with the corresponding one or ones of the parameters. It may therefore be sufficient to obtain, for example, at least 
one injection start time correction factor on the basis of the corresponding one of the parameters. 

An injection duration (injection duration in a single working cycle) te X for the additional fuel at this time is set at the 
injection duration setting unit 114. 

This injection duration setting unit 1 14 sets an injector driving duration t PLUS (which is equivalent to the injection 
duration) so that the additional fuel is injected in a fuel quantity M fue , corresponding to surplus oxygen still remaining in 
the cylinder after the primary combustion. 

This is to fully use the surplus oxygen, which still remains in the cylinder, by the additional fuel upon combustion of 
the additional fuel so that exhaust gas can be efficiently heated. 

Specifically, the setting of the injector driving duration t PLU s h a n expansion stroke by the injection duration setting 
unit 1 14 is performed as will be described hereinafter. 

Namely, the setting of the injector driving duration t PLUS in the expansion stroke by the injection duration setting unit 
1 14 is performed by correcting a basic driving duration fe, which is equivalent to a basic injection duration and serves 
as a basis in the injection of the additional fuel in the expansion stroke, in accordance with an injection start time T lN j 
and a catalyst temperature ec.c. 

The injection duration setting unit 114 is therefore provided with a function (first injection duration correcting unit) 
1 18 for determining the basic driving duration which serves as a basis in the injection of the additional fuel in the 
expansion stroke, and correcting the basic driving duration t B by the catalyst temperature ec.c and also with a function 
(second injection duration correcting unit) 120 for correcting the basic driving duration by the injection start time T| NJ 
in the expansion stroke. 

Here, the injection duration setting unit 1 14 calculates the basic driving duration te on the basis of a fuel quantity 
M fuo) which can be injected for the surplus oxygen in the cylinder after the primary combustion. Specifically, the injection 
duration setting unit 1 14 determines the quantity of oxygen, which still remains in the cylinder after the primary combus- 
tion, from an inducted air quantity Q per cylinder and per cycle as determined by the below-described conventional fuel 
injection control unit 103 and a target airtfuel ratio (target A/F). and then calculates the fuel quantity M^, on the basis 
of the quantity of oxygen. 

Incidentally, a fuel quantity M fue[ is determined by the following formula: 

M fuei ■ Q x (1/stoichiometric air-to-fuel ratio - 1/target air-to-fuel ratio) 

On the other had, the first injection duration correcting unit 118 corrects the basic injection duration te in accord- 
ance with the catalyst temperature ec.c determined by the catalyst temperature sensor 26 as a catalyst temperature 
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computing unit. The first injection duration correcting unit 1 18 is therefore provided with a correcting factor setting unit 
1 18A for correcting the basic injection duration tB by a correction factor (first injection duration correcting factor) K 2 , 
which has been determined beforehand in accordance with the catalyst temperature 6c.c. so that the injection quantity 
of additional fuel becomes smaller as the catalyst temperature ec.c rises. 

5 This correcting factor setting unit 1 1 8A is provided with a map (1 7B), which indicates the first injection duration cor- 

recting factor K 2 determined beforehand in accordance with the catalyst temperature ec.c. The first injection duration 
correcting factor K 2 shown in the map (1 7B) is set so that as is illustrated in FIG. 1 7(B), the injection quantity of addi- 
tional fuel becomes smaller as the catalyst temperature ec.c rises. Namely, in the map (17B), the first injection duration 
correcting factor K 2 is set at 1 to avoid correction of the basic driving duration t B when the catalyst temperature ec.c is 

w low, and is set to gradually decrease to 0 when the catalyst temperature ec.c rises and approaches the target temper- 
ature eo. 

This setting is to promote the activation of the catalyst 9 by injecting additional fuel in a greater quantity as the cat- 
alyst temperature ec.c becomes lower because the catalyst 9 requires more activation as the catalyst temperature ec.c 
becomes lower; and in contrast, to decrease the injection quantity of additional fuel to avoid an injection of unnecessary 

15 fuel as the catalyst temperature ec.c becomes higher because the catalyst 9 requires less activation as the catalyst 
temperature ec.c becomes higher. 

The correction by the catalyst temperature ec.c at the injection duration correcting unit 118A is performed by 
obtaining the correction factor K 2 from the map (1 7B) on the basis of the catalyst temperature Oc.c and then multiplying 
the basic driving duration te with the correction factor K 2 (te x Hy. 

20 The second injection duration correcting unit 120 is to correct the basic injection duration te in accordance with the 
, injection start time T (NJ in the expansion stroke so that the injection quantity determined by the injection quantity com- 
puting unit 1 1 2 conforms with an actual injection quantity. This second injection duration correcting unit 120 is provided 
with a map (17A), which indicates a correction factor (second injection duration correcting factor) Kj determined before- 
hand in accordance with the injection start time T )N j. 

25 In order to bring the injection quantity determined by the injection quantity computing unit 112 into conformity with 
the actual injection quantity, the second injection duration correcting factor K 1 is set so that, as is appreciated from FIG. 
1 7(A). the injector driving duration t PLUS becomes longer as the injection start time T| NJ becomes earlier. Namely, when 
the injection start time T| NJ becomes earlier in an expansion stroke, the internal cylinder pressure increases so that the 
quantity of fuel injected from the injector (the quantity per unit time) tends to decrease. The second injection duration 

30 correcting factor K-, is therefore set so that the injector driving duration t PLU s becomes longer as the internal cylinder 
pressure becomes higher. 

This setting has been chosen for the reasons to be mentioned next When the internal cylinder pressure is low, 
there is a sufficient pressure difference between the internal cylinder pressure and an injection pressure so that an 
appropriate fuel quantity can be assured based on a basic driving duration t B . When the internal cylinder pressure 
35 rises, however, the pressure difference between the internal cylinder pressure and an injection pressure becomes 
smaller, leading to a decrease in the injection quantity. In this case, an appropriate injection quantity M^i cannot be 
assure if fuel is simply injected on the basis of the basic driving duration As the quantity of additional fuel to be 
injected in an expansion stroke is affected by an internal cylinder pressure, the setting of the injector driving duration 
tpLus * s important. 

40 The correction by the injection start time T| NJ at the second injection duration correction unit 120 is performed by 
obtaining the correction factor K 1 from the map (1 7A) on the basis of the injection start time T iNJ and then multiplying 
the basic driving duration te with the correction factor K-j (% x rvj). 

Accordingly, an injector driving duration t PLUS in an expansion stroke is determined by the following formula: 

45 tpLUS ac *B X ^1 x ^2 

In accordance with the injection start time T (NJ and the injector driving duration t PLUS set as described above, the 
additional fuel injection is performed in an expansion stroke independently from the conventional fuel injection as shown 
in FIG. 4. 

so A description will now be made of the fuel injection control at the conventional fuel injection control unit 1 03. At this 
conventional fuel injection control unit 1 03, a target output torque T of the engine is set based on an engine speed (rota- 
tional speed) Ne and an accelerator pedal stroke e ACC detected from the engine speed sensor 21 and various sensors 
106, and either a early injection mode or a late injection mode is selected as an injection mode in accordance with the 
engine speed Ne and the target output torque T. For example, the late injection mode is selected in a range where the 

55 engine speed Ne is low and the target output torque T is also low, and the early injection mode (the stoichiometric mode 
or the lean mode) is selected unless either the engine speed Ne or the target output torque is low. 

A fuel injection quantity is set as a fuel injecting duration T^j, which is an injector-driving duration and will be called 
an "injector driving pulse width" in actual control. In both the early injection mode (the stoichiometric mode) and the late 
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injection mode, a basic driving duration \& is first calculated by the following formula on the basis of an engine load 
(inducted air quantity per stroke) Q/Ne and a target air/fuel ratio (A/F, hereinafter abbreviated as "A/F"). 

t B = (Q/Ne) x (1/AF) x (a AIR /a FUEL ) x (1/G INJ ) 

5 

In this formula, the engine load Q/Ne is the quantity of air inducted in a stroke, and is determined by dividing an 
inducted air quantity Q detected at the airflow sensor 1 1 with an engine speed Ne detected at the engine speed sensor 
(crank angle sensor) 21 . 

On the other hand. a AIR represents an air density, af UBL means a fuel density, and G IN j stands for an injector gain. 
10 Accordingly, a fuel injecting duration t AU is calculated by the following formula. 

t AU =t B xf + t D 

In this formula, f represents various fuel correction factors. These fuel correction factors f are set in accordance with 
75 an engine coolant temperature detected by the coolant sensor 1 9, an inducted air temperature detected by the inducted 
air temperature sensor 12, an atmospheric pressure detected by the atmospheric pressure sensor 13, and the like, 
respectively Further, to is an injector insensitive duration (dead time). 

Describing next about the exhaust gas recirculation rate control unit 104, the exhaust gas recirculation rate control 
unit 104 controls the EGR valve (on/off valve) 10a as an exhaust gas recirculation unit on the basis of detection infor- 
20 mation from various sensors 106. For this purpose, a signal from the exhaust gas recirculation rate control unit 104 is 
sent to the additional fuel injection control unit 1 02 of the fuel injection control unit 1 0 1 . 

In addition to this usual function, the exhaust gas recirculation range control unit 104 in this embodiment has 
another function that controls the EGR valve 10a to decrease the exhaust gas recirculation rate or to reduce it to zero 
when an injection of additional fuel is performed in a flame lasting duration of an expansion stroke to heat exhaust gas 
25 for the activation of the catalyst 9. For this additional purpose, a signal from the injection timing setting unit 1 10 of the 
additional fuel injection control unit 102 is sent to the exhaust gas recirculation rate control unit 104. 

Further, the ignition timing control unit 1 07 controls an ignition timing T| Q by the spark plug 35 as an ignition device 
108 on the basis of detection information from the crank angle sensor 21. For this purpose, a signal from the ignition 
timing control unit 107 is sent to the additional fuel injection control unit 102 of the fuel injection control unit 101 . 
30 In addition to this usual function, the ignition timing control unit 107 in this embodiment has another function that 
retards the ignition timing T| Q of primary combustion when an injection of additional fuel is performed in a flame lasting 
duration of an expansion stroke to heat exhaust gas for the activation of the catalyst 9. For this additional purpose, a 
signal from the injection timing setting unit 1 10 of the additional fuel injection control unit 102 is sent to the ignition tim- 
ing control unit 107. 

35 As the exhaust gas heating system according to the first embodiment of the present invention for the irvcylirtder 
injection internal combustion engine is constructed as described above, the control of a conventional fuel injection is 
performed, for example, as illustrated in FIG. 5(A), and the control of an additional fuel injection (the expansion-stroke 
fuel injection control) is carried out, for example, as shown in FIG. 5(B). 

A description will first be made about the conventional fuel injection control. 
40 This control is performed at predetermined crank angles. First, the processings of steps A10 to A30 are performed. 
Specifically, in step A10, an engine load Q/Ne (namely, a quantity of air inducted in a stroke) is calculated from an 
inducted air quantity Q and an engine speed Ne which have been detected by the air flow sensor 1 1 and the speed sen- 
sor 21 , respectively. In step A20, a basic driving duration \& is then calculated based on the engine load Q/Ne as indi- 
cated by the above formula. Further, in step A30, the basic driving duration t B is subjected to multiplication by various 
45 fuel correction factors f and also to like processing to calculate a fuel injecting duration t^j. 

Based on the fuel injecting duration t AU , a conventional fuel injection is then performed (step A40). 
Describing next about the expansion stroke fuel injection control (additional fuel injection control), this expansion 
stroke fuel injection control is performed when the lean operation mode is selected under the early injection mode or 
the late injection mode. FIG. 5(B) shows the control to be performed when an expansion stroke fuel injection is con- 
so ducted in the early injection mode. 

First, the processings of steps B10 and B20 are performed. Namely, a catalyst temperature 8c. c is read in step B10. 
It is then determined in step B20 whether or not the catalyst temperature 8c.c is not higher than a target temperature 0o. 

If the catalyst temperature 6c.c is found to be equal to or lower than the target temperature 6o as a result of the 
above determination, the processings of steps B30 to B90 are performed to conduct the expansion stroke fuel injection 
55 control. If the catalyst temperature 8c.c is higher than the target temperature eo, the routine returns without performing 
the expansion stroke fuel injection control. 

In the expansion stroke fuel injection control, the processings of steps B30 to B60 are first performed to set an 
injection start time T )NJ for an expansion stroke. 
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Described specifically, a target load (target Pe), an engine speed Ne, a coolant temperature 6w, an ignition timing 
T| Q for primary combustion and an EGR rate are read in step B30. In step B40, based on the engine speed Ne and the 
target load Pe, a basic injection start time Tb iNJ for the expansion stroke is next read from the prestored map. In step 
B50, the basic injection start time Tb iNJ is corrected by the EGR rate, the coolant temperature ew and the ignition timing 
5 T| G of the primary combustion and, in step B60. the expansion-stroke injection start time T iN j is set 

The processings of steps B70 to B90 are then performed to set an injector driving duration t PLUS for the expansion 
stroke. 

Described specifically, an inducted air quantity Q per stroke and a target A/F are read in step B70. Next, in step 
B80. the quantity of oxygen still remaining in the cylinder after the primary combustion is determined from the inducted 
io air quantity Q per cylinder and per cycle and based on the oxygen quantity, a fuel quantity M fue | is calculated. Further, 
in step B90, the basic driving duration for the injection of additional fuel in the expansion stroke is corrected by the 
injection start time T INJ and the catalyst temperature ec.c and based on this setting, the additional fuel injection is per- 
formed in the expansion stroke. 

According to the exhaust gas heating system of this embodiment for the in-cylinder injection internal combustion 
is engine, additional fuel is injected in a duration where a flame of primary combustion still remains (i.e.. in a flame lasting 
duration) as described above. Without needing arrangement of any specific additional device, the combustion of the 
additional fuel is therefore assured so that exhaust gas can be heated surely. There is accordingly an advantage that 
the catalyst temperature Oc.c can be promptly brought to the target temperature Go. 

As it is not necessary to arrange any additional device, the time until activation of the catalyst 9 can be shortened, 
20 leading to a further advantage that the contents of noxious components (HC, CO, NOx) in exhaust gas can be reduced. 

Further, the injection start time T, NJ of the additional fuel is set to fall within the flame lasting duration which varies 
in accordance with various parameters. The combustion of the additional fuel is therefore assured so that exhaust gas 
can be heated surely. This also leads to the advantage that the catalyst temperature Oc.c can be promptly brought to 
the target temperature 6o. 

25 There is a further advantage that even at the lean NOx catalyst 9A. the catalyst temperature can be surely heated 
and the target temperature do can be reached quickly. 

From the standpoint of promoting the heating of the catalyst 9. it is desired to arrange the lean NOx catalyst 9A in 
the vicinity of the engine (i.e., on an extremely upstream side of the exhaust passage 3). This is however not feasible 
because the lean NOx catalyst 9A is lower in heat resistance than the three-way catalyst 9B. The exhaust gas heating 

30 system of the first embodiment has the advantage that exhaust gas of a temperature high enough for the activation of 
the catalyst 9 can be obtained despite the arrangement of the catalyst 9 at the position remote from the engine. 

As has been mentioned above, the first embodiment sets an injection start time T, N j at an optimal timing (for exam- 
ple, a timing close to a flame dying time) in accordance with various parameters while taking into consideration the 
flame dying time of a flame lasting duration. Conversely, it is also possible to set an injection start time T (NJ at a prede- 

35 termined fixed timing and to change various parameters so that a flame dying time is set at an optimal timing relative to 
the injection start time T )NJ . 

This modification will hereinafter be described as a first modification of the first embodiment. 
An injection start time setting unit 116 according to the first modification is provided with the basic injection start 
time setting unit 1 16A and the flame dying time computing unit 1 16B as in the above-described first embodiment. In 

40 addition, the injection start time setting unit 116 is also provided with a function (flame lasting duration adjusting unit) 
1 16C for performing an adjustment in a flame lasting duration of primary combustion, that is, for performing an adjust- 
ment in a flame dying time as an ending time of the flame lasting duration. By the flame lasting duration adjusting unit 
116C, it is possible to positively adjust the exhaust gas recirculation rate, the air/fuel ratio and the ignition timing of pri- 
mary combustion as parameters affecting the flame lasting duration of primary combustion. 

45 For this purpose, the flame lasting duration adjusting unit 1 16C is provided with a control unit 1 16C1 for adjusting 
control amounts for the exhaust gas f taw rate, air/fuel ratio and ignition timing as parameters affecting the flame lasting 
duration of primary combustion and also with a storage unit 1 16C2 for storing flame lasting durations corresponding to 
the control amounts for the individual parameters. The flame lasting duration adjusting unit 1 1 6C reads from the storage 
unit 116C2 control amounts associated with the individual parameters, 6aid control amounts being required to set a 

so flame lasting duration corresponding to a degree of the need for the activation of the catalyst 9, and then adjusts the 
individual parameters by the control unit 116C1 to achieve the control amounts so that the flame lasting duration is 
adjusted. 

The storage unit 116C2 is provided with plural maps which indicate the flame lasting durations corresponding to 
the control amounts associated with the exhaust gas flow rate, air/fuel ratio and ignition timing as the parameters affect- 
55 ing the flame lasting duration of primary combustion. 

FIG. 7(A) shows a first map (7 A), which indicates flame lasting durations and flame dying times as ending times of 
the respective flame lasting durations. The flame lasting durations have been set beforehand to cope with changes in 
heat release rate. These changes in turn correspond to control amounts associated with the primary-combustion-time 
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exhaust gas recirculation rate (EGR rate). The first map (7 A) is set so that the flame lasting duration becomes longer 
with the exhaust gas recirculation rate. 

FIG. 7(B) depicts a second map (7B), which indicates flame lasting durations and flame dying times as ending 
times of the respective flame lasting durations. The flame lasting durations have been set beforehand to cope with 

s changes in heat release rate. These changes in turn correspond to control amounts associated with the primary-com- 
bustion-time air/fuel ratio (A/F). The second map (7B) is set so that the flame lasting duration becomes longer as the 
air/fuel ratio becomes leaner. FIG. 7(C) shows a third map (7C) , which indicates flame lasting durations and flame dying 
times as ending times of the respective flame lasting durations. The flame lasting durations have been set beforehand 
to cope with changes in heat release rate. These changes in turn correspond to control amounts associated with the 

10 primary-combustion-time ignition timing T tQ . The third map (7C) is set so that the flame lasting duration becomes longer 
as the retard in the ignition timing becomes greater. In each of these FIGS. 7(A) to 7(C), the section indicated by hatch- 
ing indicates flame lasting durations. The intersecting points between a boundary line X and heat release rates, which 
correspond to control amounts associated with the corresponding parameter, indicate flame dying times corresponding 
to the control amounts associated with the same parameter. To adjust an exhaust gas recirculation rate, the flame iast- 

15 ing duration adjusting unit 1 1 6C reads, from the f irst map (7A) shown in FIG. 7(A), a control amount which is associated 
with the exhaust gas recirculation rate and serves to extend the flame lasting duration as the temperature determined 
by the catalyst temperature sensor 26 becomes lower. The flame lasting duration adjusting unit 1 1 6C then controls the 
exhaust gas recirculation rate control unit 104 by the control unit 1 16C1 so that the control amount is obtained. 

To adjust an ignition timing, the flame lasting duration adjusting unit 1 16C reads, from the second map (7B) shown 

20 in FIG. 7(B), a control amount which is associated with the ignition timing and serves to extend the flame lasting dura- 
tion as the temperature determined by the catalyst temperature sensor 26 becomes lower. The flame lasting duration 
adjusting unit 1 1 6C then controls the ignition timing control unit 1 07 by the control unit 1 1 6C1 so that the control amount 
is obtained. 

To adjust an air/fuel ratio, on the other hand, the flame lasting duration adjusting unit 1 16C reads, from the third 
25 map (7C) shown in FIG. 7(C). a control amount which is associated with the air/fuel ratio and serves to extend the flame 
lasting duration as the temperature determined by the catalyst temperature sensor 26 becomes lower. The flame lasting 
duration adjusting unit 116C then controls the conventional fuel injection control unit 103 by the control unit 1 16C1 so 
that the control amount is obtained. 

The injection start time T !N j of additional fuel is then set by the injection start time setting unit 116 so that the injec- 
30 tion of the additional fuel is performed within the flame lasting duration adjusted by the flame lasting duration adjusting 
unit116C. 

Assume, for example, that the activation of the catalyst 9 is insufficient and there is thus a need to raise the tem- 
perature of exhaust gas, as in a case where the engine is continuously operated with the air/fuel ratio held lean. Since 
the exhaust gas heating system according to this modification is constructed as described above, the exhaust gas recir- 

35 culation rate control unit 104 is controlled by the flame lasting duration adjusting unit 1 16C so that the exhaust gas is 
recirculated ordy in a small proportion (about 20% or so at the maximum) to adjust, i.e., extend the flame lasting dura- 
tion of primary combustion. Further, the injection start time T iN j of additional fuel is set by the injection start time setting 
unit 1 16 so that the additional fuel is injected within the flame lasting duration adjusted by the flame lasting duration 
adjusting unit 116. Incidentally, such control of an exhaust as recirculation rate is performed when the catalyst temper- 

40 ature ec.c is somewhat lower than the activation temperature. 

Compared with a case where the control of an exhaust gas recirculation rate by the flame lasting duration adjusting 
unit 1 16 is not performed (exhaust gas recirculation rate: 0), the above-described control can reduce the heat release 
rate of thermal energy, which has been obtained by the additional combustion, to an expansion stroke so that the tem- 
perature of exhaust gas can be made higher although the injection quantity of the additional fuel is the same. This 

45 makes it possible to more efficiently heat exhaust gas, thereby bringing about an advantage that the catalyst tempera- 
ture ec.c can be promptly brought to the target temperature Go. In addition, the efficiency of purification of exhaust gas 
can be increased by recirculating the exhaust gas. 

If there is a need to substantially increase the temperature of exhaust gas for the activation of the catalyst 9 as in 
the case of a start-up of the engine when the engine is still cool, the exhaust gas recirculation rate is set at 0 by the 

so exhaust gas recirculation rate control unit 104 to retain remaining oxygen in a quantity sufficient for the combustion of 
additional fuel without performing the control by the control unit 1 1 6C1 of the flame lasting duration adjusting unit 1 1 6C. 

By decreasing the exhaust gas recirculation rate or reducing it to zero in the above-described manner upon heating 
exhaust gas, fresh air is allowed to flow in additionally in a quantity corresponding to the decrease or reduction in the 
exhaust gas recirculation rate. This leads to an increase in the inducted air quantity and hence, to an increase in the 

55 quantity of surplus oxygen remaining in the cylinder after the primary combustion. This makes it possible to increase 
the injection quantity of additional fuel and as a consequence, to produce more heat upon additional combustion. It is 
therefore possible to improve the heating rate of the exhaust gas. 

If there is a need to raise the temperature of exhaust gas due to insufficient activation of the catalyst 9. for example, 
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as in a case where the engine is continuously operated with the air/fuel ratio held lean, the ignition timing control unit 
1 07 is controlled by the flame lasting duration adjusting unit 1 1 6C to retard the ignition timing T (Q so that the flame dying 
time of the primary combustion is delayed, and moreover, the ignition start time T lN j for the additional fuel is set by the 
injection start time setting unit 1 16 so that the additional fuel is injected during the flame lasting duration adjusted by 

5 the flame lasting duration adjusting unit 1 16C. 

As a result, compared with a case where the adjustment of the ignition timing T IG by the flame lasting duration 
adjusting unit 11 6C is not performed, the thermal energy obtained by the additional combustion is used in a smaller pro- 
portion for the expansion of gas in the expansion stroke so that, although the additional fuel is injected in the same 
quantity, the exhaust gas can be more efficiently heated to a higher temperature. This has brought about the advantage 

10 that the catalyst temperature 8cx can be more promptly raised to the target temperature 6o and also the advantage that 
the deterioration in specific fuel consumption can be significantly reduced. 

Like the above-described controls of exhaust gas recirculation rate and ignition timing, thermal energy available 
from additional combustion can also be effectively used to obtain exhaust gas of a high temperature by adjusting the 
air/fuel ratio of primary combustion to a leaner side on the basis of the above-mentioned map (7B) of FIG. 7(B) to such 

is an extent that the maximum pressure within the combustion chamber and the crank angle corresponding to the maxi- 
mum pressure do not vary. ^ 

Further. FIGS. 8(A), 8(B) and 8(C) diagrammatically illustrate variations in heat release rate corresponding to indi- 
vidual control amounts when additional fuel was injected by adjusting the exhaust gas recirculation rate, the air/fuel ratio 
of primary fuel and the ignition timing of the primary fuel through the flame lasting duration adjusting unit 1 1 6C so that 

20 the flame dying time is delayed, in other words, the flame lasting duration is extended. In these diagrams, the solid 
curves indicate conventional cases where the exhaust gas recirculation rate, the air/fuel ratio of the primary fuel and the 
ignition timing of the primary fuel as the parameters for heating the exhaust gas were not changed. 

It is understood from these draw that, even when additional fuel is injected in the same quantity, an adjustment of 
each of such parameters can reduce the proportion of thermal energy, which is available from additional combustion 

25 and is to be used for the expansion of gas in the expansion stroke, and can hence heat exhaust gas to a higher tem- 
perature. 

A description will next be made of a second modification of the first embodiment. 

According to the second modification, especially at the time of a low-temperature engine start-up which is consid- 
ered to require activation of the catalyst 9. the injection start time is set by the injection start time setting unit 1 16 so 

30 that, as described above, additional fuel is injected during a flame lasting duration in which a flame of primary combus- 
tion based on an injection of primary fuel in an expansion stroke remains; and, when the engine is brought into such an 
operation state that the catalyst temperature ec.c is expected to drop to a temperature lower than a target temperature 
eo (for example, an idling operation state or a decelerated operation state) after the catalyst 9 has reached the target 
temperature eo or close to the target temperature eo. the injection start time is set by the injection start time setting unit 

35 1 1 6 to perform an additional fuel injection at a timing later than the additional fuel injection timing for the low-tempera- 
ture start-up. that is, after the flame lasting duration (for example, at the end of the expansion stroke or in an exhaust 
stroke), whereby the fuel still remaining in the unburnt form in the exhaust gas is caused to burn by the catalyst 9 to 
achieve heating and activation of the catalyst 9. 

Accordingly, the additional fuel is not injected in an expansion stroke but is injected after the expansion stroke. This 

40 makes it possible to reduce the possibility that the heat available from the additional combustion may be used for gas- 
expanding work, thereby bringing about the advantage that the exhaust can be efficiently heated. 

Namely, especially at the time of a low-temperature start-up which is considered to require activation of the catalyst 
9. the exhaust gas is subjected to re-combustion in the expansion stroke so that the temperature of the exhaust gas is 
significantly raised to efficiently activate the catalyst. Further, after the catalyst temperature ec.c has reached the target 

45 temperature eo or close to the target temperature uo, the engine may be brought into an idling operation state or a 
decelerated operation state which has the potential problem that the catalyst temperature may drop. In this case, the 
fuel which still remains in the unburnt form in the exhaust gas is caused to bum by the catalyst 9. This has brought about 
the advantage that the catalyst 9 can be efficiently activated. 

In the above-described second modification, the injection timing of the additional fuel was changed to the specific 

so timing (flame lasting duration) in the expansion stroke or to the timing later than the specific timing depending on 
whether the additional fuel injected at the time of a start-up or in an operation state other than such a start-up. A basis 
for such a change in the injection timing is however not limited to such a change in the operation state. 

As an alternative, a detection unit is arranged to detect or estimate whether or not a catalyst temperature ec.c 
determined by the catalyst temperature sensor 26 is not lower than a lowest temperature (preset temperature) at which 

55 the additional fuel, namely, the fuel still remaining in the unburnt form in exhaust gas can burn within the catalyst 
(exhaust gas purification device). Based on an output from the detection unit, an injection start time is set by the injec- 
tion start time setting unit 116. 

First, when the catalyst temperature ec.c determined by the catalyst temperature sensor 26 is detected or esti- 
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mated to be equal to or higher than the preset temperature, an injection start time is set by the injection start time setting 
unit 116 so that the additional fuel is injected after the flame lasting duration (for example, at the end of the expansion 
stroke or in the exhaust stroke). 

As a result, the fuel (i.e., the additional fuel) which still remains in the unburnt form in the exhaust gas is allowed to 
burn within the catalyst The unburnt hydrocarbons therefore begin to burn inside the catalyst without being used for the 
gas-expanding work, so that the heating of the catalyst can be efficiently performed. 

When the catalyst temperature 6c.c determined by the catalyst temperature sensor 26 is detected or estimated to 
be lower than the preset temperature, on the other hand, the gas still remaining in the unburnt form in the exhaust gas 
cannot undergo burning inside the catalyst An injection start time is therefore set by the injection start time unit 1 16 so 
that the injection of the additional fuel is performed within the flame lasting duration in which a flame still remains (for 
example, in an expansion stroke). 

This assures combustion of the additional fuel within the cylinder so that the catalyst can be heated without emis- 
sion of the additional fuel in the unburnt form. Incidentally, the above-mentioned lowest temperature is lower than the 
target temperature 0o which corresponds to a temperature required for bringing the catalyst into an activated state. 

In addition, the exhaust gas can be heated more efficiently if the fuel injection quantity, that is, the fuel injecting 
duration (hence, the injector driving duration) is set by the injecting duration setting unit 102 in accordance with the 
above-described respective parameters. 

A description will next be made about the second embodiment. As is illustrated in FIG. 1 0, the exhaust gas heating 
system of the second embodiment for the in-cylirtder injection internal combustion engine is different from that of the 
first embodiment in that the additional fuel injection control unit 1 02 is equipped with a different injecting duration setting 
unit 114. 

Described specifically, the injecting duration setting unit 1 14 in this embodiment is provided with a cylinder desig- 
nating unit 1 18B as shown in FIG. 10, so that the cylinder designating unit 1 18B specifies one or more particular cylin- 
ders to inject additional fuel thereinto with a view to adjusting the quantity of fuel in injecting additional fuel. 

The remaining construction of the exhaust heating system according to this embodiment for the in-cylinder injection 
internal combustion engine are similar to that of the above-described first embodiment. Its description is therefore omit- 
ted herein. 

The cylinder designating unit 1 18B designates one or more cylinders for the injection of additional fuel. Namely, 
when the catalyst temperature 6c.c is substantially lower than the target temperature 6o, it is considered to perform the 
additional fuel injection in all cylinders. In this case, the cylinder designating unit 1 18B designates all the cylinders for 
the injection of additional fuel. 

When the catalyst temperature 6c.c is slightly lower than the target temperature Go, on the other hand, it is sufficient 
to perform the additional fuel injection in only one or some of the cylinders during a single combustion cycle in the 
course of which each cylinder undergoes one combustion stroke. In this case, the cylinder designating unit 1 18B des- 
ignates only such one or some of the cylinders for the injection of additional fuel. 

In this case, as such one or some of the cylinders for the injection of additional fuel, one or some particular cylinders 
may be chosen. As an alternative, a plurality of combustion cycles may be performed by choosing one or some cylin- 
ders for the injection of additional fuel per combustion cycle. 

A description will next be made taking as an example a case in which the additional fuel injection is performed in 
only one cylinder per combustion cycle. In the case of a 4-cylinder engine such as that illustrated in FIG. 4, combustion 
takes place in the order of the first cylinder (#1), the third cylinder (#3), the fourth cylinder (#4) and the second cylinder 
(#2). In each combustion cycle in the course of which each of the first, third, fourth and second cylinders undergoes one 
combustion stroke, the adcfitional fuel injection can always be performed only in a particular cylinder (for example, the 
first cylinder). 

As an alternative, the additional fuel injection may also be performed by selecting all the cylinders one after one in 
each combustion cycle, for example, by performing an additional fuel injection only in the first cylinder in a given com- 
bustion cycle, another additional fuel injection only in the third cylinder in the next combustion cycle, a further additional 
fuel injection only in the fourth cylinder in the subsequent combustion cycle, a still further additional fuel injection only 
in the second cylinder in the still further combustion cycle, and so on. 

As a further alternative, the additional fuel injection may also be performed by choosing only some of the cylinders 
(for example, the first cylinder and the fourth cylinder) as needed, for example, by performing an additional fuel injection 
only in the first cylinder in a given combustion cycle, another additional fuel injection only in the fourth cylinder in the 
next combustion cycle, a further additional fuel injection only in the first cylinder in the subsequent combustion cycle, a 
still further additional fuel injection only in the fourth cylinder in the still further combustion cycle, and so on. 

Further, when the additional fuel injection is performed only in two cylinders or three cycles per combustion cycle, 
the additional fuel injection can be performed by using only particular cylinders or employing all or some of the cylinders 
in an appropriate order. 

These additional fuel injection methods, which rely upon only some cylinders, are of course applicable not only to 
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4-cylinder engines but also to engines of other types. 

For the injection of additional fuel, the cylinder designating unit 1 18B designates one or more particular cylinders 
in such a way that more cylinders are designated for the injection of the additional fuel as the catalyst temperature ec.c 
drops further from the target temperature 8o and the additional fuel is injected into substantially all the cylinders when 
5 the catalyst temperature ec.c has become lower by at least a predetermined value than the target temperature 6o. 

A description will hereinafter be made about the setting of an injector driving duration t PLUS in an expansion stroke 
at the injecting duration setting unit 102 in this embodiment, including the designation of cylinders by the cylinder des- 
ignating unit 118B. 

Since the designation of cylinders by the cylinder designating unit 1 18B corresponds to the correction of a fuel 
10 quantity (equivalent to t PLUS ) in accordance with the catalyst temperature ec.c in the above-described first embodiment, 
a description will first be made of the premise, that is, the setting of an injector driving time t PLUS in an expansion stroke 
by the injecting duration setting unit 1 02B, followed by the description of the designation of cylinders by the cylinder des- 
ignating unit 118B. 

First, the setting of the expansion-stroke injector driving duration t PLUS by the injecting duration setting unit 1 14 will 
is be described. This setting of the expansion-stroke injector driving duration t PLUS is performed by correcting a basic driv- 
ing duration t & which serves as a basis for an injection of additional fuel in the expansion stroke, by an injection start 
time T|nj. 

Here, the basic driving duration te is calculated as in the above-described first embodiment, and the correction by 
the expansion-stroke injection start time T !NJ is also performed in a similar manner as in the above-described first 
20 embodiment. 

Accordingly, the expansion-stroke injector driving duration t PLUS can be determined by the following formula: 

tpLUS X K 1 

25 A description will next be made about the designation of one or more cylinders by the cylinder designating unit 
118B. 

At the cylinder designating unit 1 18B. the number of injection-performing cylinders) in each of which an additional 
fuel injection is to be performed in an expansion stroke, (hereinafter referred to as the "injection-performing cylinder 
number") N INJ is set in accordance with a catalyst temperature ec.c. This adjustment of the injection-performing cylinder 
30 number therefore makes it possible to the fuel quantity in accordance with the catalyst temperature ec.c. 

Described specifically, the correction of the fuel quantity by the cylinder designating unit 1 18B in accordance with 
a catalyst temperature ecc detected by the catalyst temperature sensor 26 is performed as illustrated in FIG. 17(C), 
namely, by determining an injection-performing cylinder number N, NJ , in other words, either increasing or decreasing 
the injection-performing cylinder number N, NJ in accordance with the catalyst temperature ec.c with reference to a cyl- 
35 inder number map (1 7C) preset corresponding to various catalyst temperatures ec.c. 

As is illustrated in FIG. 17(C), the cylinder number map (17C) is set to adjust the fuel quantity in such a way that 
the additional fuel injection is performed in all the cylinders when the catalyst temperature ec.c is low and the injection- 
performing cylinder number N, N j is decreased as the catalyst temperature ec.c rises and approaches the target tem- 
perature eo. 

40 In accordance with the injection start time T INJ and injector driving duration t PLJUS set as described above, an addi- 
tional fuel injection is performed in an expansion stroke in addition to a conventional fuel injection as shown in FIG. 1 1 . 
Incidentally, FIG. 1 1 illustrates a case in which the expansion-stroke additional fuel injection is performed only in the first 
cylinder (#1) designated as a particular cylinder. 

As the exhaust gas heating system according to the second embodiment of the present invention for the in-cylinder 

45 injection internal combustion engine is constructed as described above, control of conventional fuel injections is per- 
formed, for example, as in the first embodiment [see FIG. 5(A)] and moreover, control of additional fuel injections 
(expansion-stroke fuel injection control) is conducted, for example, as depicted in FIG. 12. 

Since the conventional fuel injection control is similar to that performed in the first embodiment, its description is 
omitted herein. 

so The additional fuel injection control by this system is different only in step C90 from the additional fuel injection con- 
trol by the system of the first embodiment. 

Namely, steps C10 to C80 correspond to steps B10 to B80, respectively, and perform similar processing. Their 
description is therefore omitted herein. 

In step C90. an expansion-stroke injector driving duration t PLU s is set by correcting a basic driving duration te, 
55 which serves as a basis for an additional fuel injection in an expansion stroke, in accordance with an injection start time 

T INJ- 

Further, to set a fuel quantity corresponding to a catalyst temperature ec.c, an injection-performing cylinder number 
N| NJ is determined based on the catalyst temperature ec.c with reference to the cylinder number map (17C) preset as 
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shown in FIG. 17(C). 

The term "injection-performing cylinder number N WJ " indicates the number of cylinder(s) in each which an addi- 
tional fuel injection is performed while the crankshaft rotates over 720°. As is illustrated in FIG. 1 7(C), the additional fuel 
injection is performed in a plurality of cylinders (all the cylinders in this embodiment) when the catalyst temperature 9c.c 
is low and, as the catalyst temperature ec.c rises, the injection-performing cylinder number is decreased further. 

Upon decreasing the number of cylinders for use in performing the additional fuel injection as described above, the 
fuel injection can be performed as described above, namely, by using only particular one or more cylinders or by using 
the cylinders successively, one or more cylinders but not all the cylinders per combustion cycle, without limiting the 
injection-performing cylinder(s) to any particular cylinders). 

As the exhaust gas heating system of this embodiment for the in-cylinder injection internal combustion engine is 
constructed as described above, it can bring about similar advantageous effects as the first embodiment. 

In addition, the fuel quantity of the additional injection can be set by adjusting the injection-performing cylinder 
number on the basis of the catalyst temperature dc.c. This has an advantage that the catalyst 9 can be heated without 
practically deteriorating the gas mileage. 

Namely, additional fuel can be injected in one or more particular cylinders or in particular cylinders, which have 
been designated to use all the cylinders in more than one combustion cycle, when the catalyst temperature 6c.c is 
slightly lower than the target temperature 6o. This makes it possible to raised the catalyst temperature ec.c to the target 
temperature 6o while minimizing a deterioration in gas mileage and also preventing overheating of the catalyst 9. 

If the irgection-performing cylinder number is increased as the catalyst temperature 9c.c becomes still lower than 
the target temperature 6o and further, if the additional fuel is injected into substantially all the cylinders when the cata- 
lyst temperature ec.c has become lower by at least a predetermined value than the target temperature Go, the catalyst 
temperature ec.c can be promptly raised to the target temperature 0o. 

A description will next be made about the third embodiment. The exhaust gas heating system of the third embodi- 
ment for the in-cylinder injection internal combustion engine is constructed like the second embodiment as shown in 
FIG. 13. but is different from the system of the second embodiment in the functions of an injecting timing setting urrit 
1 10 and an injecting duration setting unit 114. which an additional fuel injection control unit 102 is equipped with. In 
essence, the exhaust gas heating system of this embodiment for the in-cylinder injection internal combustion engine is 
different in that additional fuel is injected twice in an expansion stroke. 

In this embodiment, the ignition liming setting unit 1 1 0 is provided with a function to set injection start times of plural 
divided injections (divided injection start time setting unit) 1 22 so that an injection quantity of additional fuel determined 
by the injection quantity computing unit 1 12 is divided in plural portions (N portions), and the injecting duration setting 
unit 114 is provided with a function to set injecting durations of the plural divided injections. In this embodiment, the 
injection quantity of the additional fuel is divided into two portions. Accordingly, the first divided injection is an (N-l)* 1 
divided injection, and the second divided injection is an N m divided injection. 

First the divided injection start time setting unit 1 22 sets the first (N-1 th ) injection start time T1 lN j in and the second 
(N* 1 ) injection start time T2, NJ in at least an expansion stroke. 

Of these divided injection start times, the first injection start time T1 iNJ in the expansion stroke is calculated in a 
similar manner as the expansion-stroke injection start time T iNJ in the first embodiment. 

The second injection start time T2 (NJ in the expansion stroke, on the other hand, is determined based on the expan- 
sion-stroke first injection start time T1 )N j, a coolant temperature 0w, and a fuel quantity M^i injectable to surplus oxy- 
gen in a cylinder. It is preferable to set the expansion-stroke second injection start time T2| NJ at a time immediately 
before an exhaust valve opens. 

Because, as has been explained above with reference to FIG. 9 in connection with the first embodiment, thermal 
energy of the additional combustion can be used efficiently 

This will be described in further detail with reference to FIG. 16. If the first additional fuel injection is performed at 
a timing as late as possible within a flame lasting duration of primary combustion corresponding to a heat release rate 
indicated by a curve A, the flame lasting duration is extended as indicated by a curve B. Further, if the second additional 
fuel injection is performed at a timing as late as possible within a flame lasting duration of the first additional fuel injec- 
tion indicated by the curve B. the flame lasting duration is extended as indicated by a phantom (long and two 6hort 
dashes line) in the diagram so that the proportion of thermal energy used for the expanding work becomes smaller. As 
a consequence, the thermal energy obtained by the additional combustion can be used more effectively for heating 
exhaust gas. 

Further, the injecting duration setting unit 114 is designed to set at least a first (N-1 th ) injector driving duration 
tlpLUS at ,east in an expansion stroke and a second (N* 1 ) injector driving duration t2 PLUS in the expansion stroke. In 
addition, the cylinder designating unit 1 1 8B which the injecting duration setting unit 1 14 is provided with designates an 
injection-performing cylinder number. 

This injecting duration setting unit 114 is also designed to set the expansion-stroke first injector driving duration 
t1p(_us and the expansion-stroke second injector driving duration t2 PLUS so that the additional fuel is injected in a fuel 
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quantity M fue , corresponding to surplus oxygen still remaining in the cylinder after the primary combustion. 

Specifically, the setting of the expansion-stroke first injector driving duration t1 PLUS by the injecting duration setting 
unit 1 14 is conducted by correcting a basic driving duration te, which serves as a basis for the additional fuel injections 
in the expansion stroke, in accordance with the expansion-stroke first injection start time T1 | NJ and a coolant tempera- 
5 ture 8w. 

Namely the expansion-stroke first injector driving duration t1 PL us te set by correcting the basic driving duration t B 
to inject the fuel in such a quantity that the flame dying time can be delayed and can be brought toward an opening tim- 
ing of an exhaust valve as close as possible. Preferably, the fuel is injected in such a quantity that the flame dying time 
can be delayed to the opening timing of the exhaust valve. Further, the expansion-stroke first injector driving duration 
10 t1p L us 's set so that the fuel is injected in a quantity smaller than the injection quantity of the expansion-stroke second 
fuel injection. This makes it possible to have thermal energy, which has been obtained by the additional combustion, 
used in a smaller proportion for expanding gas in the expansion stroke and also to improve the gas mileage. 

The basic driving duration te is calculated in a similar manner as in the above-described first and second embodi- 
ments, so that its description is omitted herein. The basic driving duration t B is calculated as the sum of the expansion- 
75 stroke first injector driving duration tl PLUS and the expansion-stroke second injector driving duration t2 PLUS . 

Further, the correction by the expansion-stroke first injection start time T1 tNJ is performed in a similar manner as 
the correction by the injection start time T lNJ in the above-described first and second embodiments. Its description is 
therefore omitted herein. 

In addition, the correction by the coolant temperature Ow as the engine temperature is performed by determining 
20 an injection percentage factor (third injecting duration correction factor) K 3 based on the coolant temperature 6w with 
reference to a map (1 7D), in which injection percentage factors are set relative to various coolant temperatures Ow, as 
shown in FIG. 17(D) and then multiplying the basic driving duration te with the injection percentage factor K 3 (te x K3). 

The map (1 7D) is set in such as way that, as is shown in FIG. 1 7(D), the expansion-stroke first injector driving dura- 
tion t1 PLU s becomes shorter as the coolant temperature Ow rises. Specifically, the map (1 7D) is set so that the percent- 
25 age of the first injector driving duration t1 Pl _us (namely, the N-1* 1 divided injection quantity) becomes greater than the 
second injector driving duration t2 PLUS (namely, the divided injection quantity) when the coolant temperature 8w is 
low. The map (17D) is also set so that the percentage of the first injector driving duration t1 PLUS (namely, the N-l 1 * 1 
divided injection quantity) becomes smaller than that of the second injector driving duration t2 PLUS (namely, the N** 1 
divided injection quantity) as the coolant temperature ew rises. 
30 In the above-described manner, the expansion-stroke first injector driving duration t1 PLUS is determined by the fol- 
lowing formula: 

^ plus = t B x K, x K 3 

35 Next, the setting of the expansion-stroke second injector driving duration t2 PLUS by the injecting duration setting 
unit 1 1 4 is performed by correcting the basic driving duration T B . which serves as the basis for the additional fuel injec- 
tion in the expansion stroke, in accordance with the expansion-stroke second injection start time T2| NJ and the coolant 
temperature 8w. 

The basic driving duration % is calculated in a similar manner as in the above-described setting of the expansion- 
40 stroke first injector driving duration t1 PL us- 

Further, the correction by the expansion-stroke second injection start time T2 fNJ is carried out in a similar manner 
as in the above-described setting of the expansion-stroke first injector driving duration t1 PLUS . 

In addition, the correction by the coolant temperature ew is performed as in the case of the above-described setting 
of the expansion-stroke first injector driving duration t1 PLUS , namely, by determining an injection ratio factor K 3 based 
45 on the coolant temperature 6w with reference to the map (17D), in which injection percentage factors have been set 
beforehand relative to various coolant temperatures Ow as shown in FIG. 1 7(D), and then multiplying the basic driving 
duration te with (1 -K 3 ) obtained from the injection percentage factor K 3 [t B x (1 -K 3 )] . 

In this manner, the expansion-stroke second injector driving duration t2 PLUS can be determined by the following for- 
mula: 

50 

^plus^b^KixO-Ks) 

The correction of the fuel quantity in accordance with the catalyst temperature 6c.c is performed by adjusting the 
number of cylinders), in each of which an additional fuel injection is to be performed, by the cylinder designating unit 
55 1 18B in a similar manner as in the above-described second embodiment. Described specifically, this correction is per- 
formed by determining, that is, either increasing or decreasing the injection-performing cylinder number N, NJ on the 
basis of the catalyst temperature ec.c with reference to the preset map (17D) as shown in FIG. 17(D). 

In accordance with the thus-set injection start times TIimj^inj and injecting durations t1 PL us. t2 PLUS , the addi- 
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tional fuel injections are performed in the expansion stroke in addition to the conventional fuel injection as illustrated in 
FIG. 14. Incidentally, FIG. 14 illustrates a case in which the expansion-stroke additional fuel injection is performed in all 
the cylinders. 

As the exhaust gas heating system according to the third embodiment of the present invention for the in-cylinder 
s injection internal combustion engine is constructed as described above, control of conventional fuel injections is per- 
formed, for example, as in the first and second embodiments [see FIG. 5(A)] and moreover, control of additional fuel 
injections (expansion-stroke fuel injection control) is conducted, for example, as depicted in FIG. 15. 

Since the conventional fuel injection control is similar to that performed in the first and second embodiments, its 
description is omitted herein. 

10 The additional fuel injection control by this system is different only in step D60 and step D90 from the additional fuel 
injection control by the system of the first embodiment. 

Namely, steps D10 to D50 correspond to steps Bio to B50 and steps D70 and D80 correspond to steps B70 and 
B80, respectively, and perform similar processing. Their description is therefore omitted herein. 

In step D60, the expansion-stroke first injection start time T1| NJ is set by the divided injection start time setting unit 

15 122. 

In step D90, on the other hand, the expansion-stroke second injection start time T2» N j is determined by the injection 
start time setting unit 102A on the basis of the expansion-stroke first injection start time T1 INJ , the coolant temperature 
0w, the fuel quantity injectable to the surplus oxygen in the cylinder. 

Further, the expansion-stroke first injector driving duration 1 1 plus an d the expansion-stroke second injector driving 
20 duration t2 PLUS are determined by the injecting duration setting unit 114. 

Namely, the expansion-stroke first injector driving duration t1 PLUS is determined by correcting the basic driving 
duration in accordance with the expansion-stroke first injection start time T1 , N j and the coolant temperature 9w, while 
the expansion-stroke second injector driving duration t2puj S is determined by correcting the basic driving duration %q in 
accordance with the expansion-stroke second injection start time T2, NJ and the coolant temperature 6w. 
25 In addition, the injection-performing cylinder number N, NJ is determined by the cylinder designating unit 118B 
which the injecting duration setting unit 1 14 is equipped with. 

As the exhaust gas heating system of this embodiment for the in-cylinder injection internal combustion engine is 
constructed as described above, it can bring about similar advantageous effects as the first and second embodiments. 

In addition, the flame lasting duration can be extended by performing the first injection while the flame of the pri- 
30 mary combustion still remains. This makes it possible to delay the second injection start time T2 INJ (preferably to the 
end of the expansion stroke), so that the thermal energy of the additional combustion can be effectively used. This has 
led to an advantage that the thermal energy of the additional combustion can heat the exhaust gas and can promptly 
bring the catalyst temperature ec.c to the target temperature Bo. 

In the exhaust gas heating system of this embodiment for the in-cylinder injection internal combustion engine, the 
35 additional fuel injection is performed twice. However, this is not limited to twice and can be performed plural times (N 
times) 

When the additional fuel is injected by dividing it into plural portions, it is not absolutely necessary to set the injec- 
tion quantity of the first injection so that its flame remains until shortly before the exhaust valve opens. It is possible to 
set the injection quantity of a second or subsequent injection so that its flame dying time can be extended until shortly 

40 before the exhaust valve opens. Concerning the last (N* 1 ) additional fuel injection, it is particularly preferred to set its 
timing at a timing immediately before the opening of the exhaust valve so that the last (N* 1 ) additional fuel injection cor- 
responds to the second additional fuel injection in the third embodiment. It is also preferred to set the injection quantity 
of the last additional fuel injection at a value as great as possible. 

In this embodiment, the correction of the fuel quantity based on the catalyst temperature 8c.c is performed by 

45 adjusting the number of cylinders for use in performing the additional fuel injection in the expansion stroke. However, it 
is also possible to adjust the injection quantity of the additional fuel to each cylinder as in the first embodiment. 

Needless to say, the present invention is not limited to the above-described embodiments. For example, in each of 
the above described embodiments, the quantity of oxygen remaining at the time of primary combustion is determined 
from the quantity Q of air inducted per cylinder and the target A/F and upon conducting an expansion-stroke injection, 

so the quantity of fuel to be injected through the fuel injection valve 8 is determined based on the oxygen quantity. How- 
ever, this injection quantity can also be set as such a fixed injection quantity that the fuel so injected can undergo addi- 
tional combustion. 

Further, in each of the above-described embodiment, the catalyst temperature sensor 26 is arranged as a purifica- 
tion device temperature computing unit. The catalyst temperature ec.c is detected directly by the catalyst temperature 
55 sensor 26. Based on the detection result, it is determined whether or not the catalyst 9 requires heating (as a unit hav- 
ing this function, a catalyst heating determination unit is arranged). If the catalyst is determined to require heating, the 
expansion-stroke injection is then performed. With a view to achieve simplification of the control, the expansion-stroke 
injection can also be performed based on an output from a start-up engine temperature detection unit for detecting if 
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the engine temperature (coolant temperature) at the time of a start-up is not higher than a preset temperature or from 
an elapsed time detection unit for detecting an elapse of a time period from a start-up (a variable or fixed, predeter- 
mined time period set depending on the coolant temperature or the like at the time of a start-up). As a further alterna- 
tive, the expansion-stroke injection can be always performed shortly after a start-up on the basis of an output from a 

5 start-up detection unit. Incidentally, the engine temperature detection unit, the elapsed time detection unit and the start- 
up detection unit correspond to the catalyst temperature sensor 26 as a purification device temperature computing unit 
in each of the above-described embodiments. 

Moreover, in the above-described second embodiment, the cylinder designating unit 1 18B is arranged. By this cyl- 
inder designating unit 118B, the number of cylinders for use in performing the expansion-stroke injection is varied 

10 (including use of all the cylinders) depending on the catalyst temperature Oc.c. As an alternative, it is also possible, for 
example, to designate beforehand one or more particular cylinders (predetermined cylinders) for use in performing the 
expansion-stroke injection instead of changing the cylinders to be used in performing the expansion-stroke injection. 

Claims 

75 

1 . An exhaust gas heating system for an in-cylinder injection internal combustion engine, comprising: 

a fuel injection device (8 and 8a) for injecting fuel directly into a combustion chamber (1) of said internal com- 
bustion engine, 

so a spark plug (108) for subjecting fuel, which has been injected as primary fuel from said fuel injection device, 

to spark ignition so that said primary fuel undergoes primary combustion, 

an exhaust gas purification device (9) arranged in an exhaust passage (3) of said internal combustion engine, 
a purification device temperature computing unit (26 and 23) for determining a temperature of said exhaust gas 
purification device by detecting or estimating said temperature of said exhaust gas purification device, and 
25 an additional fuel injection control unit (102) for controlling said fuel injection device when said exhaust gas 

purification device is found to require activation from said temperature determined by said purification device 
temperature computing unit (26 and 23), so that an injection of fuel as additional fuel is performed during a 
flame lasting duration that a flame of said primary combustion based on said injection of said primary fuel 
remains; 

30 wherein said additional fuel injection control unit (102) includes an injection timing setting unit (110) for 

setting an injection start time (Tin j) of said additional fuel on a basis of a parameter which affects said flame 
lasting duration. 

2. The system of claim 1 , wherein said injection timing setting unit (1 10) includes an injection quantity computing unit 
35 (112) for determining said injection quantity of said additional fuel on a basis of a directly- or indirectly-detected 

quantity of oxygen still remaining after said primary combustion, an injecting duration setting unit (114) for setting 
an injecting duration, which corresponds to said injection quantity of said additional fuel determined by said injec- 
tion quantity computing unit (112), and an injection start time setting unit (116) for setting an injection start time 
(Tin j) °f said additional fuel on the basis of said parameter which affects said flame lasting duration. 

40 

3. The system of claim 2, wherein said injection start time setting unit (1 16) includes: 

a basic injection start time setting unit (1 16A) for determining a basic injection start time (Tb^j) on a basis of 
an engine speed (Ne) and an engine load of said internal combustion engine, and 
45 a flame dying time computing unit (1 16B) for determining an injection start time correction factor (K0, K E , K F or 

K|) on the basis of said parameter, which affects said flame lasting duration, while taking into consideration a 
flame dying time as an ending time of said flame lasting duration; and 

said injection start time setting unit (1 16) sets said injection start time (T, NJ ) of said additional fuel on a basis 
of said basic injection start time (Tb in j) determined by said basic injection start time setting unit (1 1 6A) and said 
so injection start time correction factor (KG, K E , K F or K,) determined by said flame dying time computing unit 

(116B), so that said injection of said additional fuel is started at a timing where said additional fuel can be 
ignited by said flame of said primary combustion. 

4. The system of claim 3. wherein said flame dying time computing unit (1 16B) determines said injection start time 
55 correction factor (K8. K E . K F or K]) on a basis of at least one of an engine temperature (6w) of said internal com- 
bustion engine, an exhaust gas recirculation rate at a time of said primary combustion, an air/fuel ratio (A/F) at the 
time of said primary combustion and an ignition timing (T, Q ) at the time of said primary combustion as said param- 
eter which affects said flame lasting duration. 
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5. The system of claim 4, wherein said internal combustion engine includes an engine temperature detection unit (19) 
for detecting said engine temperature (8w), and 

said flame dying time computing unit (1 16B) includes a first injection start time correction map (6A) indicating 
5 a first injection start time correction factor (K0) which has been set while taking into consideration said flame 

dying time which advances as said engine temperature (6w) becomes lower; 

whereby said injection start time setting unit (116) sets said injection start time (T, NJ ) of said additional fuel on 
a basis of said first injection start time correction factor (K6) which has been determined from said first injection 
start time correction map (6A) on the basis of said engine temperature (8w) detected by said engine tempera- 
te ture detection unit (19). 

6. The system of claim 4, wherein said internal combustion engine is provided with an exhaust gas recirculation rate 
control unit (104) for controlling an exhaust gas recirculation rate by opening or dosing an on/off valve (10a) in an 
exhaust gas recirculation passage (10b) which communicates said exhaust passage (3) and said intake passage 

75 (2) with each other, and 

said flame dying time computing unit (1 1 6B) includes a second injection start time correction map (6B) indicat- 
ing a second injection start time correction factor (Kg) which has been set while taking into consideration said 
flame dying time which varies in accordance with said exhaust gas recirculation rate; 
20 whereby said injection start time setting unit (116) sets said injection start time (T, NJ ) of said additional fuel on 

a basis of said second injection start time correction factor (K^) which has been determined from said second 
injection start time correction map (6B) on the basis of said exhaust gas recirculation rate controlled by said 
exhaust gas recirculation rate control unit (104). 

25 7. The system of claim 4, wherein said internal combustion engine is provided with a conventional fuel injection con- 
trol unit (103) for controlling an injection of fuel at the time of said primary combustion in accordance with operation 
conditions of said internal combustion engine, and 

said flame dying time computing unit (1 16B) includes a third injection start time correction map (6C) indicating 
30 a third injection start time correction factor (K F ) which has been set while taking into consideration said flame 

dying time which delays as an air/fuel ratio (A/F) at the time of said primary combustion becomes leaner; 
whereby said injection start time setting unit (116) sets said injection start time (T, NJ ) of said additional fuel on 
a basis of said third injection start time correction factor (K F ) which has been determined from said third injec- 
tion start time correction map (6C) on the basis of said air/fuel ratio (A/F) at the time of said primary combustion 
35 set by said conventional combustion injection control unit (1 03). 

8. The system of claim 4 t wherein said internal combustion engine is provided with an ignition timing control unit (1 07) 
for controlling an ignition timing (T tQ ) of said primary fuel, which has been injected from said fuel injection device 
(8 and 8a), by said spark plug (108), and 

40 

said flame dying time computing unit (1 1 6B) includes a fourth injection start time correction map (6D) indicating 
a fourth injection start time correction factor (K ( ) which has been set while taking into consideration said flame 
dying time which delays as an ignition timing (T to) at the time of said primary combustion is retarded; 
whereby said injection start time setting unit (116) sets said injection start time (T| NJ ) of said additional fuel on 
45 a basis of said fourth injection start time correction factor (K,) which has been determined from said fourth 

injection start time correction map (6D) on the basis of said ignition timing (T IQ ) set by said ignition timing con- 
trol unit (107). 

9. The system of claim 3, wherein said injection start time setting unit (1 16) sets said injection start time (T !NJ ) of said 
so additional fuel at a timing close to said flame dying time of said flame lasting duration. 

1 0. The system of claim 2, wherein said injection start time setting unit (1 16) includes a flame lasting duration adjusting 
unit (1 16C) for adjusting said flame lasting duration; 

55 said flame lasting duration adjusting unit (116C) has a control unit (116C1) for adjusting a control amount for 

said parameter and a storage unit (1 16C2) for storing flame lasting durations corresponding to predetermined 
control amounts for said parameter, whereby said flame lasting duration adjusting unit (116C) adjusts said 
flame lasting duration by obtaining from said storage unit (1 1 6C2) one of said predetermined control amounts 
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for said parameter, said one control amount being required to make said ending time of said flame lasting dura- 
tion become equal to a flame dying time corresponding to a degree of activation required for said exhaust gas 
purification device (9), and then adjusting said parameter through said control unit (116C1) to give said one 
control amount; and 

said injection start time setting unit (116) sets said injection start time (T tNJ ) of said additional fuel within said 
flame lasting duration adjusted by said flame lasting duration adjusting unit (116C). 

1 1 . The system of claim 1 0, wherein said internal combustion engine is provided with an exhaust gas recirculation rate 
control unit (104) for controlling an exhaust gas recirculation rate by opening or closing an on/off valve (10a) in an 
exhaust gas recirculation passage (10b) which communicates said exhaust passage (3) and said intake passage 
(2) with each other; 

said storage unit (116C2) includes a first map (7A) indicating flame dying times corresponding to control 
amounts for said exhaust gas recirculation rate; and 

said flame lasting duration adjusting unit (1 16C) obtains from said first map (7A) one of said control amounts 
on a basis of a flame lasting duration corresponding to a temperature determined by said purification device 
temperature computing unit (26 and 23), and controls said exhaust gas recirculation rate control unit (104) 
through said control unit (1 16C1) to give said one control amount. 

12. The system of claim 10, wherein said internal combustion engine is provided with an ignition timing control unit 
(107) for controlling an ignition timing (T tQ ) of said spark plug (108), at which said primary fuel injected from said 
fuel injection device (8 and 8a) is subjected to spark ignition; 

said storage unit (1 16C2) includes a second map (7B) indicating flame dying times corresponding to control 
amounts for said ignition timing (T IQ ) of said primary combustion; and 

said flame lasting duration adjusting unit (116C) obtains from said second map (7B) one of said control 
amounts on a basis of a flame lasting duration corresponding to a temperature determined by said purification 
device temperature computing unit (26 and 23). and controls said ignition timing control unit (107) through said 
control unit (1 16C1) to give said one control amount. 

13. The system of claim 10, wherein said internal combustion engine is provided with a conventional fuel injection con- 
trol unit (103) for controlling said fuel injection at the time of said primary combustion in accordance with operation 
conditions; 

said storage unit (116C2) includes a third map (7C) indicating flame dying times corresponding to control 
amounts for said air/fuel ratio (A/F) of said primary combustion; and 

said flame lasting duration adjusting unit (1 16C) obtains from said third map (7C) one of said control amounts 
on a basis of a flame lasting duration corresponding to a temperature determined by said purification device 
temperature computing unit (26 and 23), and controls said conventional fuel injection control unit (103) through 
said control unit (1 16C1) to give said one control amount. 

14. The system of claim 2, wherein said injection timing setting unit (1 10) includes a first injecting duration correcting 
unit (118) for correcting a basic injecting duration determined by said injecting duration setting unit (114) in accord- 
ance with a temperature of said exhaust gas purification device (9) determined by said purification device temper- 
ature computing unit (26 and 23). 

1 5. The system of claim 1 4, wherein said first injecting duration correcting unit (1 1 8) has a correcting factor setting unit 
(1 1 8A) for correcting said basic injecting duration by a first injecting duration correcting factor (K 2 ), which has been 
predetermined corresponding to said temperature of scud exhaust gas purification device (9), so that the injection 
quantity of said additional fuel becomes smaller as said temperature of said exhaust gas purification device rises. 

16. The system of claim 14. wherein said internal combustion engine include plural cylinders; and 

said first injecting duration correcting unit (1 18) has a cylinder designating unit (1 18B) which, based on a cyl- 
inder number map (17C) preset corresponding to temperatures of said exhaust gas purification device (9). 
decreases a number of additional-injection-performed cylinders as said temperature of said exhaust gas puri- 
fication device (9) rises. 
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17. The system of claim 2, wherein said injecting duration setting unit (110) includes a second injecting duration cor- 
recting unit (120) which, by a second injecting duration correcting factor (K t ) predetermined corresponding to said 
injection start time (T INJ ) of said additional fuel in said expansion stroke of said primary combustion, corrects said 
basic injecting duration (te) determined by said injecting duration setting unit (1 14) so that an actual injection quan- 
tity conforms with said injection quantity of said additional fuel determined by said injection quantity computing unit 
(112). 

18. The system of claim 1 , wherein said additional fuel injection control unit (102) includes an injection quantity com- 
puting unit (112) for determining said injection quantity of said additional fuel on a basis of a directly- or indirectly- 
detected quantity of oxygen still remaining after said primary combustion; and 

said injection timing setting unit (110) is provided with a divided injection start time setting unit (122) which sets 

injection start times (T1 | N j. T2| N j ) of plural divided injections so that said injection quantity of said additional 

fuel determined by said injection quantity computing unit (1 12) is divided and injected in like plural portions. 

1 9. The system of claim 1 8. wherein, when said injection quantity of said additional fuel is injected by dividing the same 
in N portions, said divided injection start time setting unit (122) sets an injection start time (TN| NJ ) of an N m divided 
injection at a timing immediate before said exhaust valve (5) opens. 

20. The system of claim 18, wherein said injection timing setting unit (1 10) is provided with an injecting duration setting 
unit (114) which, when said injection quantity of said additional fuel is injected by dividing the same in N portions, 
sets an N-1 * divided injecting duration and an N th divided injecting duration so that an N-1 * divided injection quan- 
tity becomes smaller than an N* divided injection quantity. 

21 . The system of claim 1 8, wherein said injecting duration setting unit (114) includes third injecting duration correcting 
factors (K 3 ) predetermined corresponcOng to values of said engine temperature (6w) and. when said injection quan- 
tity of said additional fuel is injected by dividing the same in N portions, said injecting duration setting unit (114) sets 
an N-l* 1 divided injecting duration and an N* 1 divided injecting duration by said third injecting duration correcting 
factors (K 3 ) so that an NM* 1 divided injection quantity becomes still smaller than an N m divided injection quantity 
as said engine temperature rises. 

22. The system of claim 2, wherein said injection start time setting unit (1 16) sets said injection start time (T| NJ ) so that, 
when said temperature of said exhaust gas purification device (9) determined by said purification device tempera- 
ture computing unit (26 and 23) is lower than a preset temperature permitting combustion of an unburnt fuel portion 
within said exhaust purification device (9) t said injection of said additional fuel is effected within said flame lasting 
duration in which the flame of said primary combustion based on said injection of said primary fuel remains; and, 
when said temperature of said exhaust purification device (9) is equal to or higher than said preset temperature, 
said injection start time setting unit (1 16) 6ets said injection start time (T, NJ ) so that said injection of said additional 
fuel is performed after said flame lasting duration. 

23. An exhaust gas heating system for an in-cylinder injection internal combustion engine, comprising: 

a fuel injection device (8 and 8a) for injecting fuel directly into a combustion chamber (1) of said internal com- 
bustion engine, 

a spark plug (108) for subjecting fuel, which has been injected as primary fuel from said fuel injection device, 
to spark ignition so that said primary fuel undergoes primary combustion, 

an exhaust gas purification device (9) arranged in an exhaust passage (3) of said internal combustion engine, 
and 

an additional fuel injection control unit (102) for controlling said fuel injection device (8 and 8a) so that, when 
said exhaust gas purification device (9) is found to require activation of a catalyst thereof, fuel is injected as 
additional fuel within a flame lasting duration in which aflame of said primary combustion remains; 

wherein said additional fuel injection control unit (102) includes: 
an injection quantity computing unit (112) for determining an injection quantity of said additional fuel on a basis 
of a directly- or indirectly-detected quantity of oxygen still remaining after said primary combustion, and 
an injection timing setting unit (110) including an injecting duration setting unit (114) for setting a basic injecting 
duration corresponding to said injection quantity of said additional fuel determined by said injection quantity 
computing unit (1 1 2), and an injection start time setting unit (1 16) for setting an injection start time (T, N j) of said 
additional fuel on a basis of a parameter which affects said flame lasting duration; and 
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said injection start time setting unit (1 16), upon starting up said internal combustion engine at a low tempera- 
ture, sets said injection start time so that said injection of said additional fuel is effected within said flame lasting 
duration and, in an operation state from which said- exhaust gas purification device (9) is expected to be 
reduced in temperature, sets said injection start time so that said injection of said additional fuel is effected 
after said flame lasting duration. 
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FIG. 6(A) 
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FIG. 15 
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(57) An exhaust gas heating system for an in-cylin- 
der injection internal combustion engine is disclosed. 
The system includes a fuel injection device (8 and 8a) 
for injecting fuel directly into a combustion chamber (1) 
of the engine, a spark plug (108) for subjecting fuel, 
which has been injected as primary fuel from the injec- 
tion device, to spark ignition so that the primary fuel 
undergoes primary combustion, an exhaust gas purifi- 
cation device (9) arranged in an exhaust passage (3) of 
the engine, a purification device temperature computing 
unit (26 and 23) for determining a temperature of the 
purification device by detecting or estimating the tem- 
perature of the purification device, and an additional fuel 
injection control unit (102) for controlling the injection 
device when the purification device is found to require 
activation from the temperature determined by the com- 
puting unit (26 and 23). so that an injection of fuel as 
additional fuel is performed during a flame lasting dura- 
tion that a flame of the primary combustion remains. 
The control unit (102) includes an injection timing set- 
ting unit (1 10) for setting an injection start time (T (N j) of 
the additional fuel on a basis of a parameter which 
affects the flame lasting duration. 
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